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FM 9-207 Preface

PREFACE

As stated in Field Manual (FM) 100-1, The Army, it isthe Army's fundamental purpose to win wars

through land force dominance regardless of location or climate. This FM provides general doctrinal and
technical guidance for operating equipment and ordnance materiel under extremely harsh cold weather
conditions (0° to -65° F). Its primary purpose is to familiarize operators and crews with the special
procedures and techniques for working in sub-zero temperatures. Also, this manual will assist unit
commanders, supervisors (motor sergeants, battalion motor officers [BMOs]), and maintenance
personnel in anticipating and planning for the onset of cold weather or an arctic deployment. Failure to
follow this guidance can cause injury to personnel and damage to equipment, besides limiting mission
accomplishment.

This FM does not replace applicable technical manuals (TMs) for specific equipment operations,
servicing, or repair. It isintended to provide an overview of the special and unique difficulties
encountered in cold weather operations. Refer to the appropriate operator or higher-level manual for
specific instructions.

The proponent of this publication is Headquarters, United States Army Training and Doctrine Command
(TRADOC). Much of the information in this manual was provided by the USA Cold Regions Test
Activity, which is responsible for testing equipment designed for use by the soldier on the winter
battlefield and the USA Cold Regions Research and Engineering Laboratory, which exists largely to
solve technical problems that develop in cold regions, especially problems related to construction,
transportation, and military operations.. Access to more information can be obtained though points of
contact on their World Wide Web pages. Submit changes for improving this publication on DA Form
2028 (Recommended Changes to Publications and Blank Forms), directly to:

Commander

US Army Combined Arms Support Command
ATTN: ATCL-A

Fort Lee, Virginia 23801-1713

Note: Unless otherwise stated, whenever the masculine gender isused, both men and women are
included.
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Chapter 1
Cold Weather Considerations

“ Every mileistwo in winter.”
George Herbert

Section 1
The Cold Weather Challenge

IMPACT ON MILITARY FORCES

The cold has been identified as an enemy of military forces and equipment since the beginning of recorded history.
When employed in acold region, aforce actually faces two enemies--the tactical enemy and the environment that
also aggressively attacks and can destroy equipment and men. The impact of cold weather on combat forces can
readily be seen during decisive campaignsin history. Napoleon’ s disasterous march into Russia, Germany’ s failed
conquest of Russiaduring World War 11, and the operations of United Nations forces in Korea are modern examples.
With United States (US) reliance on global force projection, Army forces must prepare to operate in avariety of
climates, including extreme cold.

OPERATIONAL EFFECTS

Army forces may be required to conduct sustained operations in temperatures as low as -65 ° Fahrenheit (F). Under
such conditions, personnel are subject to decreased efficiency and cold casualties, equipment is prone to
breakdowns, supply problems are increased, and operations are restricted and complicated by the environment.

It is the responsibility of unit leaders to ensure that personnel and equipment can withstand the challenges of cold
weather. US Army equipment is among the best in the world for use in cold climates. However, soldiers and their
leaders must understand the effects of cold weather and adapt operations and maintenance to overcome
environmental conditions.

Section |
Operational Considerations

PERSONNEL

Since most US units are stationed in temperate or tropical climates, soldiers generally lack adequate training or
experience in cold weather operations and maintenance. If troops stationed in temperate climates are to be expected
to move to cold climates and perform their missions, they must be prepared for it.

A large part of asoldier’ stime and energy in cold weather is spent in self-preservation. This naturally reduces the
efficiency of personnel when operating and maintaining materiel. Besides operating equipment, soldiers must learn
to protect themselves against climatic factors by dressing properly and improvising protective measures and shelters.

LEVELS OF OPERATION

1-1



FM 9-207 Chapter 1

Operating equipment in temperatures no lower than 10 ° F presents few problems. Conditions are similar to those
experienced during winter in the northern part of the continental United States (CONUS).

From 10 ° F to -25° F, operations become more difficult (Figure 1-1). At the warmer end of this range, lack of
winterization resultsin only a slight loss of operating efficiency. Proper training prevents many failures of materiel
and injuries to operators. Nevertheless, nonacclimated troops have difficulty at even the warmer temperatures above

— ~
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Figure 1-1. Operational difficulty vs temperature range

When temperatures drop below -25° F, operations become increasingly difficult. At temperatures nearing -50° F and
lower, the maximum efforts of well-trained personnel are required to perform even the simplest tasks with
completely winterized materiel.

EFFECTS ON MATERIEL

Since metals contract at lower temperatures and expand at higher temperatures, improper clearances may result in
either binding or excessive looseness.

Cleaning and Preparing Equipment

Before operating vehicles, crews should review appropriate operator manuals for cold weather operations. These
manuals all include a section subtitled Operations Under Unusual Conditions. Also, operators must know other
basic skills, such as working with tire chains and slave-starting.

Soldiers must maintain equipment in the best mechanical condition to withstand the added difficulties and prevent
failures during sub-zero operations. Commanders must place special emphasis on maintenance inspections.
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Placing equipment in proper mechanical condition before the onset of cold weather requires time for necessary and
careful disassembly, repair, cleaning, and reassembly. Low temperatures must be anticipated far enough in advance
to permit completion of winterization. Refer to pertinent operator and unit maintenance technical manuals (TMs) for
operation, lubrication, preventive maintenance checks and services (PMCS), and maintenance under unusual
conditions. Operators must be very cautious when using equipment that has been inactive for along time. For
example, if lubricants congeal in various components, parts can fail.

Metals

Metals become brittle in severe cold temperatures; thus, parts cannot withstand the shock loads that they sustain at
higher temperatures. Illustrations of such stress are at Figure 1-2. For example, at -20° F certain steels can withstand
only 50 percent of the shock load that they can sustain at room temperature. For a given change in temperature,
various metals will expand or contract by different amounts. These characteristics especialy affect bearingsin which
the bearings and shaft are of different metals, are of different metals bolted together, or meshing gears are of
different metals. In cold weather, special care should be taken in adjusting parts of this type, especially when
adjusting bearing clearances.

Figure 1-2. Effect of cold on metal
Rubber

Besides natural rubber, there are hundreds of rubber substitutes. Synthetic rubbers look and usually react the same as
natural rubber, although most do not attain a greater flexibility at high temperatures. Asit cools, natural rubber
gradually stiffens, but retains alarge part of its elasticity until reaching temperatures below -20° F.

Below -20° F, certain peculiarities occur. When cooled gradually but continuously over a short time, rubber remains
flexible until it reaches approximately -60° F. It then quickly loses its elasticity and becomes brittle. Also, if rubber
is consistently kept at the relatively higher temperature of -20° F for along time, an effect similar to crystallization
occurs, causing it to become brittle. For example, hoses for fueling may crack, increasing the potential for spills.

Rubber-Covered Cables

Extreme care must be taken in handling cables at low temperatures. If the rubber jackets become hard, the cables
must be protected from shock |oads and bending to prevent short circuits caused by breaks in the covering. If cables
are to be bent, they must first be warmed. Neoprene jackets on cables become brittle and break readily at low
temperatures.

Tires

Tires becomerigid in cold, causing flat spots on parts that come in contact with the ground during shutdown. At
severe cold temperatures, sidewalls become brittle and crack.

Tires must be inflated to the appropriate pressure at cold temperatures. A tire inflated to 40 pounds per square inch
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(PSI) indoors will change to 25 PSI when moved outside at -50° F. Failure to properly inflate tires can result in tires
slipping off rims. Generally, tires should be inflated 10 PSI over the normal pressure for winter operations.

Plastics

Plastics expand and contract much more than metal or glass, causing them to be brittle in cold weather. Vehicular
canvas covers with plastic windows may break due to a combination of cold and vibration.

Glass

Glass, porcelain, and other ceramics perform normally at low temperatures if handled carefully. However, cracking
may result if heat is applied directly to cold windshields or other vehicle glass.

Fabrics

If kept dry, fabrics generaly retain their flexibility, even at extremely low temperatures. However, tarpaulins may
shrink, and wrinkles are extremely difficult to smooth out at sub-zero temperatures. Whenever possible, tarpaulins
should be unfolded in heated enclosures or kept installed on equipment.

EFFECTS ON MISSION FUNCTIONS

Severe cold adversely affects the capability of a unit to accomplish its mission. Understanding the specific impacts
can assist a unit in planning measures to counter these effects.

M ovement/M aneuver

Units are less maneuverable in icy conditions or deep snow. Deep snow reduces vehicle traction on hillsand
increases the chances of breakdown/damage caused by hidden obstacles. Motorized units are restricted almost
exclusively to roads. Also, personnel have atendency to operate close to vehicles, which istactically unwise.
Trailers and towed artillery pieces further reduce mobility. Emplacement of artillery pieces for fire missionsisvery
difficult.

When planning for battle, leaders must realistically evaluate the impact that physical factors have on operations.
Ammunition

There is an increased need for ammunition in cold weather. This is because cold temperatures adversely affect firing,
responsiveness, effectiveness, and accuracy. Also, it is often necessary to fire several light-to medium-zone rounds
prior to maximum propellant charges to avoid stressing the hydraulic recoil mechanisms of howitzers. Support units
must be prepared to handle and transport the added volume of ammunition. Because of the harsh conditions, it is also
more difficult to prepare ammunition storage areas.

Fuel/Lubrication

Units operating in a cold environment can expect a dramatic increase in petroleum, oils, and lubricants (POL) and
fuel requirements due to movement difficulty, extended idling, and heating requirements. Special fuel and lubricants
must also be used to prevent freezing and jelling.

Always consult the appropriate TM or lubrication order (LO). Remember to use antifreeze in coolant systems.
Different grades of hydraulic fluids are also necessary. If vehicles come into theater with temperate grade automatic
transmission fluids and become cold-soaked (when vehicle temperatures drop as low as the existing ambient
temperatures), seals are likely to blow when transmissions are engaged.

Units may also consult the Defense L ogistics Agency (DLA) publication, Environmental Products, Chemical
Alternatives, Recyclers, Aircraft Cleaners and More, to choose environmentally preferred substitutes.

Operators and maintenance personnel must be proficient in the use of all winterization and arctic kit items, which
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include heating devices, insulated grill covers, and sometimes engine exhaust restrictors. When authorized,
stationary engagement of hydromechanical transmissions can be used to facilitate engine warming.

Section Il
Logistical Considerations

FACTORS IMPACTING LOGISTICS

Vast distances, major climatic or terrain obstacles to air or ground movement, or a combination of these factors often
separate combat service support (CSS) elements from supported forces. As aresult, logistical planning must be
continuous and aggressive, making use of all modes of transportation. Unit standard operating procedures (SOPs)
and training plans should address the following:

« Unit distribution is the rule and not the exception.

« Many munitions have known firing and/or function limitations as aresult of cold temperatures, snow, and soft
ground conditions. Multioption fuzes should be selected whenever available to provide for seasonal changes.

« Economic order quantities (EOQ) and ammunition required supply rates (RSR) should be computed on a
seasonal basis rather than on the standard 180-day demand criterion.

« Special training and emphasisis required for using heat sources and keeping water and other liquids
(especially medical items) in aliquid state when temperatures drop below 32 ° F.

At temperatures below 32 ° F, heated storage must be provided for power sources, command and control centers,
dining facilities, aid stations, maintenance shelters, and critical supplies (i.e., medicines, batteries, and POL).

When preparing for sustained operations in remote, cold regions, logistical planners must understand the following
environmental characteristics:

« Unrelenting hostile climate.

» Formidable and virgin terrain.

» Great distances.

« Extensive water obstacles.

« Acute movement problems.

« Poor lines of communication.

« Low population densities.

o Lack of shelter and developed resources.

PLANNING

Planning is critical to the success and survival of units operating in cold weather. Planners should consider the
following:

« Plansmust be both detailed and flexible.

« Personnel must be properly trained and prepared.

« A potential increasein medical problems (i.e., injuries from frostbite and hypothermia) must be anticipated.
« Prolonged exposure to cold and extended hours of darkness will lead to increased psychological stress.

« All units, especially mechanized and motorized, will require more time to accomplish tasks; cold will increase
fuel consumption and the demand for lead acid and dry cell batteries.

« Although equipment is designed to function in the cold, it will be less reliable, thereby increasing
maintenance, time, and supply problems. Maintenance, supply, and engineer units may require augmentation.

« Cold conditions tend to increase security problems because soldiers want to keep warm and sleep indoors.
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Cold will also make command and control more difficult. Flank units must work harder to keep up with the
main body and require frequent rotation.

HOST NATION SUPPORT

L ogistics support can be decisive to mission accomplishment during cold weather operations. Host nation (HN)
personnel are critical to identifying sources of food, shelter, warmth, supplies, and services. Leaders must
incorporate all available HN support into their planning to reduce the impact of cold weather on logistics operations.
HN personnel should identify specific environmental restrictions pertinent to cold weather operations (i.e., specific
chemical substitutions, spill response, and corrective actions).

MAINTENANCE

The importance of maintenance, especially PMCS, must be impressed on al cold region soldiers. Maintenance of
mechanical equipment is exceptionally difficult in the field during cold weather. Added time is needed to complete
tasks. Even shop maintenance cannot be completed at normal speed. M echanics must allow equipment to thaw out
and warm up before making repairs. This time lag cannot be overemphasized and must be included in al planning.
Personnel efficiency aso is reduced by the bulky and clumsy clothing worn in extremely cold areas. Becauseiit is
dangerous to handle cold metal with bare hands, operators/mechanics must wear mittens or gloves at all times.
Losing the sense of touch further reduces the soldier’ s efficiency. Even the most routine operations, such as handling
latches or opening engine compartments, become frustrating and time-consuming when performed with protected
hands.

At temperatures below -20 ° F, maintenance may take five times as long. Complete winterization, diligent
maintenance, and well-trained crews are the keys to reducing the adverse effects of cold weather.

Listed below are several requirements that affect maintenance directly and require planning and preparation before a
cold weather operation:

« Heated shelter for equipment maintenance.

« Proper clothing and tools for mechanics.

« Adequate portable heaters.

« Capability to store and issue antifreeze materials, fuels, hydraulic fluids, and lubricants.
« Adequate lighting.

o Supply of repair parts.

« Sufficient equipment for snow and ice removal.

WARNING

PROVIDE PROPER VENTILATION INHEATED SHELTERSTO AVOID THE DANGER OF
CARBON MONOXIDE POISONING CAUSED BY EXHAUST GASESFROM RUNNING ENGINES
AND CONTAMINATED HOT AIR FROM DEFECTIVE

MAINTENANCE FACILITIES

The availability of maintenance facilities can be critical to the maintenance mission. Without some type of
permanent or temporary shelter, even routine maintenance can become extremely difficult.

Buildings and Shelters

Heated buildings or shelters are necessary for cold weather maintenance. Proper and satisfactory servicing is
difficult unless personnel are working in reasonably comfortable temperatures. Maintenance of many components
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requires careful and precise servicing. Without the use of heaters, the increase in maintenance man-hoursis from 25
percent to 200 percent above normal.

When buildings are not available, maintenance tents are atemporary expedient. If possible, tents should have wood
flooring and be heated by portable duct heaters or tent stoves.

WARNING

WHEN VEHICLES, GENERATORS, AND POL CONTAINERSARE BROUGHT INTO WARM
STORAGE FROM THE COLD, THE FUEL TANKS/CONTAINERS SHOULD ONLY BE FILLED
THREE QUARTERSFULL. IF THISPROCEDURE ISNOT FOLLOWED, THE EXPANSION OF THE
COLD POL PRODUCTSIN THE FUEL CONTAINERS COULD CAUSE SPILLAGE AND CREATE A
SERIOUSFIRE HAZARD.

In the absence of buildings or maintenance tents, tarpaulins may be used to create overhead shelter and windbreaks.
A framework of poles erected around a vehicle can support the tarpaulin.

Parachutes can also make temporary shelters. The parachute should be deployed over the vehicle, securely staked
down at the bottom, and then inflated by the air from a portable duct heater. If parachute shelters are used, extreme
care should be taken to avoid the danger of carbon monoxide poisoning by ensuring proper ventilation.

WARNING

PERSONNEL MUST BE CONSTANTLY ON THE ALERT TO DETECT VEHICLE DEFICIENCIES
THAT EXPOSE PERSONNEL TO CARBON MONOXIDE POISONING. PASSENGER AND CREW
COMPARTMENTSOF WHEELED AND TRACKED CARRIERSMUST BE INSPECTED AND
TESTED IN ACCORDANCE WITH (IAW) TECHNICAL BULLETIN (TB) MED 269 AT REGULAR
INTERVALS. THE PURPOSE OF THE INSPECTION AND TEST ISTO DETECT ANY SIGN OF AIR
CONTAMINATION FROM EXHAUST GASES CAUSED BY LEAKING GASKETS, IMPROPER
EXHAUST INSTALLATIONS, CRACKED EXHAUST PIPES, DEFECTIVE PERSONNEL HEATERS,
AND AUXILIARY GENERATORS. WHEN VEHICLESARE IDLING, ALLOW FOR FRESH AIR
ACCESSTO PREVENT CARBON MONOXIDE HAZARD.

Lighting Equipment

Daylight can be scarce in cold climates. Lighting equipment must be available to furnish adequate illumination for
maintenance services. Lights with ample cable extensions, attachment plugs, connectors, and spare bulbs are
essential.

M aintenance Per sonnel, Tools, and Equipment

M ore mechanics are needed to maintain equipment in cold weather operations (Figure 1-3). At aminimum, a highly
organized, more intensive effort is required of mechanics. Providing heated buildings or shelters for maintenance of
materiel increases work efficiency and morale.
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Figure 1-3. Normal vs cold weather maintenance

An added supply of battery chargers must be available to meet the heavy requirements for battery maintenance in
sub-zero temperatures. Soldiers must check battery charges using hydrometers and testers.

Handwear may become saturated with fluids when soldiers perform maintenance on fuel and cooling systems.
Saturation reduces the insulating value of the handwear, causing cold injuries. Soldiers should carry extra handwear
when performing maintenance under arctic winter conditions.

Personnel should avoid leaning on cold-soaked equipment (equipment that has been standing in sub-zero
temperatures for an extended period) or kneeling and lying on the ground. Rapid body cooling caused by heat
transfer to the equipment or ground may result in cold injury.

M echanics should place insulating material--such as fiber packing material, corrugated cardboard, rags, or
tarpaulins--between themselves and cold-soaked equipment.

When performing maintenance under arctic winter conditions, a box or pan should be used to hold small parts. A
tarpaulin should be placed under each vehicle to catch parts that may be dropped. This prevents the parts from
becoming lost in the snow (Figure 1-4).
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Tarp to catch tools, parts, etc.

Figure 1-4. Tarpsused to protect from cold and to catch dropped parts

EQUIPMENT RECOVERY

Vehicle recovery in cold, snowy conditions can be extremely dangerous. Every precaution must be taken to maintain
soldier safety and ensure equipment is functioning properly.

Winches

When using the winch, operate the vehicle engine at a reasonable speed IAW the operator’s manual. High engine
speeds are likely to damage the winch mechanism. Use a snatch block whenever possible to reduce the load on the
winch.

Operation

Read all caution plates and estimate a 25-percent reduction in capacity when determining load. EXAMPLE: If
capacity of the winch is specified as 5,000 pounds on “Winch Caution Plate,” lower the rated capacity for cold
weather operations by 25 percent, making capacity 3,750 pounds. This safety factor is essential to prevent damage to
the winch.

Preparation for Operation

In preparing awinch for operation, the following steps should be taken:
« Remove mud, dirt, and rust from exterior of winch.
Inspect cable for rust and apply lubricating oil (PL-S).
Flush and clean gear housing, and fill to level with recommended seasonal gear oil (GO75W).
Inspect safety brake for satisfactory operation.
o Check drum brake and adjust if necessary.
« Check for iced bleeder and selector valves, controls and linkage, and winch cable sheaves.

Recovery in Cold Weather

A cold-soaked/inoperable vehicle can present a maintenance challenge. Vehicle recovery is often extremely difficult
due to reduced mechanical capacity, ice, snow, and limited approach routes. Exercise care when towing cold-soaked
vehicles. Drive trains may have to be disconnected to prevent further damage.
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Section IV
Antifreeze, Fuels, Hydraulic Fluids, and Lubricants

ANTIFREEZE

The proper antifreeze materials are critical for cold operations. Antifreeze materials specified for protection of
liguid-cooling systems are listed in Appendix A. Units can also consult DLA’s publication (see DLA publication in
references) for environmentally preferred antifreeze substitutes.

FUELS

Arctic fuelsfor gasoline or diesel engines are selected to obtain the proper atomization necessary for a combustible
fuel-air mixture. These fuels are listed in Appendix A.

HYDRAULIC FLUIDS

Hydraulic fluids must be able to work in cold conditions. Hydraulic fluids specified for hydraulic systems, recail
mechanisms, and equilibrates are listed in Appendix A.

LUBRICANTS

L ubrication required for Army equipment is specified in the LO or TM pertinent to the equipment. LOs are based on
three anticipated ranges. above 32° F, from +40t0-10 ° F, and from O to -65 ° F.

NOTE: Oil, engine, arctic (OEA), isa synthetic SAE OW-20 lubricant intended for temperature range 40 °
F to-65 ° F for engine systemsand 120 ° F to -65° F for transmission and hydraulic systems. This lubricant
isapproved for usein engines, power steering systems, and both automatic and standard transmissions.
Although OEA can be used in most automatic transmissions, it is necessary to consult the LO prior to use.
The use of OEA may void the warranty in some transmission applications.

MATERIALS

The materials normally required to prepare equipment for operation in cold weather are listed in Appendix B. These

items are listed in Department of Defense (DOD) Federal Supply Catalogs (FSC), FSC Groups 68 and 92. Consult
these catalogs when requisitioning. Other items--with specification numbers, unit of issue, stock numbers, and
issuing services--are listed herein for requisition through supply channels.

LUBRICATION ORDERS

The provisions of Department of the Army (DA) LOs are mandatory and will be adhered to at all times, unless DA
authorizes deviation.

Increased service scheduling from that specified on LOs is hecessary to compensate for cold conditions that destroy
the protective qualities of the lubricant. The incomplete combustion of fuelsin a cold engine, and the piston rings not
sealing tightly until the engine reaches operating temperatures, causes rapid fuel dilution of the oil. The commander
may extend intervals during inactive periods, provided adequate preservation continues. During prolonged periods of
extreme cold weather, it may be necessary to take oil samples more frequently for equipment registered in the Army
Oil Analysis Program (AOAP). This precaution ensures the protection provided by the lubricating oils is adequate.

Military symbolsfor petroleum and related productsindicated in the “KEY” on LOs are standardized in Military
Standard (MIL-STD) 290. To identify the contents, container markings for these items include the North Atlantic
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Treaty Organization (NATO) and military symbols, the national stock number (NSN), and specification
nomenclature.

Contaminated petroleum products and coolants must be disposed of in an environmentally safe manner IAW US and
HN laws and regulations and unit SOPs. Units must identify US and HN requirements in advance.

Section V
Batteries

One of the greatest hindrances to successful military operationsin awinter environment is the effect of cold on
batteries.

VEHICLE BATTERIES

The storage battery’ s available energy decreases sharply when temperatures fall. Power requirements for starting an
engine increase when the battery is least capable of delivering power. Current delivered at 15 ° F is only 50 percent
of that produced at normal temperatures. The amount delivered at -30 ° Fisonly alittle over 10 percent of that
produced at room temperature (Figure 1-5).

EFFICIENCY
PERCENT
ROOM
TEMP
150F
209
-300F

Figure 1-5. Battery efficiency at varying temper atures

At -40 ° F and below, the available current is practically zero. A fully charged battery does not freeze in extreme
cold climates, but a battery with specific gravity 1.100 freezes at 10° F. It is essential to keep batteries fully charged.

Frozen batteries rupture and break internally and externally. Table 1-1 shows freezing points of batteries at various
specific gravities. Unless a storage battery is warmed to about 35° F, it does not receive an adequate charge from the
generator. In constant cold weather, storage batteries should be tested for state of charge every three days. Recharge
batteries if the specific gravity isless that 1.1250.

Specific Gravity of Electrolyte Freezing Points
(Correctedto 80 ° F) of Electrolyte (° F)
1.280 -90
1.250 -62
1.200 -16
1.150 5
1.100 19
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1.000 32

Table 1-1. Freezing points of batteries at various specific gravities

If the vehicleis equipped with a battery preheater, it should be used IAW the operator’s TM. If the vehicle does not
have a preheater, an insulated battery box can help maintain specific gravity at higher levels for longer periods.
Batteries should be filled with 1.280 specific gravity electrolyte, not the tropical electrolyte of 1.250. Deployment of
tactical vehicles from ahot to a cold region requires a change in electrolyte for maximum battery effectiveness.

For more information on operations and maintenance of lead-acid storage batteries, refer to TM 9-6140-200-14.

CAUTION

BATTERIES PRODUCE HYDROGEN GAS. HYDROGEN GAS CAN CAUSE A BATTERY CASING TO
EXPLODE DUE TO BLOCKAGE OF THE BATTERY VENT BY ICE. SEE FIGURE 1-6 FOR PROPER
JUMP-STARTING PROCEDURE.

M Batteries same voltage
W Both negative posts grounded

B Check fluid, check for freezing
W Yehicles not touching

|H Ignition off, accessories off, gears in "park™ or
“neutral,” hrakes on.

|M Attach clamps in order shown, remowve in exact
opposite order

Figure 1-6. Proper jump-start procedure
SMALL EQUIPMENT BATTERIES

For small equipment, alkaline batteries are far superior to carbon batteries. For example, flashlights (essential items
in regions with long periods of darkness) using size D batteries should use the BA-3030/U rather than the BA-30.
These same batteries should be used in artillery, mortar, and tank night-aiming post lights along with tactical
telephones such as the TA-312/PT (see TB 43-PS-491. The Preventive Maintenance Monthly, October 1993, for

more information).

NICKEL-CADMIUM BATTERIES
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When properly maintained, the nickel-cadmium (NICAD) batteries used in some Army equipment (such as range
finders, some night vision sights, and ground surveillance radars) are very effective |low-temperature power sources.

To get maximum effectiveness when charging NICAD batteries, one must destroy the charging memory
characteristic of the battery. For example, if aNICAD battery is continually called upon to deliver an average of
only 25 percent of its capacity beforeit isrecharged, it will eventually “memorize” this fact and become incapable of
supplying the remaining 70 percent capacity. Operators must discharge NICAD batteries down to their lowest
operating levels, then recharge them fully, then discharge them again to their lowest operating levels, then once
again recharge them fully to destroy the “memory”.

The preferred cold weather batteries are lithium-based, but precautions must be taken in their storage and disposal.
Mercury batteries should not be used below 0 ° F.

LITHIUM SULFUR DIOXIDE BATTERIES

The lithium sulfur dioxide battery is recommended for use in the AN/PRC-77 and single-channel ground and
airborne radio subsystem (SINCGARS) radio sets when used in extreme cold weather areas. The lithium battery has
unique characteristics that provide improved operational capabilities and extended battery life. Lithium sulfur
dioxide batteries require special handling. Turn-in instructions must be followed carefully IAW host nation, federal,
state, and local environmental laws and regulations.

Section VI
Winterization Equipment

Specia equipment is provided for a vehicle when protection against cold weather isrequired. This equipment is
issued in specific kits. Geographic location and ambient temperatures dictate the use of winterization equipment as

per Supply Bulletin (SB) 9-16.

Where the temperature falls only afew degrees below freezing for a short period, only ordinary preparations are
needed; for example, changing engine oil to alighter grade and adding antifreeze to the cooling system.

For anticipated temperatures of -25 ° F or lower, personnel heater kits and hardtop closures are installed. Operations
will not be attempted without winterization kits in areas where temperatures from -25 ° F to -65 ° F are likely. Since
some winterization kits require use at temperatures warmer than -25 ° F, consult the TM for the correct starting
procedure.

PERSONNEL HEATERS

Generally, vehicles using gasoline as fuel provide ample heat through personnel hot-water heaters until the ambient
temperature drops below -25 ° F. Below this temperature, fuel-burning heaters are normally used to provide more
heat. Personnel heatersin military vehicles are only required to maintain atemperature of 41 ° F IAW
MIL-STD-1472C.

Present personnel heaters have pot-type vaporizing burners. This means the pot must get hot enough to vaporize fuel
at -65 ° F. Fuel carbonizesif the combustion chambers do not get hot enough. This accel erates heater failure by
carbonizing the wick, igniter, burner, related burner components, or heat exchanger. Contaminated fuel can block the
flow of fuel to the heater burner causing low heat output and/or numerous heater stoppages. This blockage also can
lead to premature igniter failure due to excessive start attempts. Fuel burning heaters are generally unreliable
because of --

« Contaminated fuel.

« Low voltage.

« Inexperienced operators and mechanics.
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« Design characteristics of the heaters.

WARNING

PERSONNEL AND CREW CAB HEATERS SHOULD BE SHUT OFF AT LEAST 20 MINUTES PRIOR
TO ENTERING ANY SHELTER. THISPROCEDURE WILL HELP PREVENT THE FIRE HAZARDS
CREATED FROM ACCIDENTAL PUMPING OF FUEL ON BUILDING FLOORSAND EMISSION OF
GASOLINE VAPORS FROM HOT HEATER COMPONENTSIN THE EVENT OF FAULTY HEATER
COMPONENTS.

POWER PLANT HEATERS

The present generation of power plant heaters are water coolant type, thermostatically controlled to heat the engine
block and the water pillow below the batteries. These heaters are multifuel, pot-type burners. Because they are not
used often, problems surrounding these heaters include:

« Low voltage.

o Contaminated fuel.

« Inexperienced operators and mechanics.
« Inattentive operators and mechanics.

PORTABLE FUEL-BURNING HEATERS

In some geographical locations, DA has approved the use of the NATO standard heater because of its improved
arctic operating capability and lower maintenance requirements.

The swingfire heater (Figure 1-7) isa pulse jet engine that burns gasoline with less carbon buildup. It uses no
external power in the run cycle and needs only 6 amperes at 24 volts for starting.

Figure 1-7. Swingfire heater

The heater can be used in 12 various exchangers, making it a versatile and useful tool. An operator can externally
heat gear boxes, drive trains, transmissions, and oil pans on vehicles prior to operations.

HARDTOP CLOSURE KIT

A hardtop closure kit is provided for some vehicles. It must be added to protect the driver and assistant driver where
colder temperatures are expected. All-around vision is provided by a glass window on each side and to the rear.
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QUICK HEAT SYSTEM

Quick heat is atechnique that allows quick warmup and reliable starting when vehicle temperatures drop as low as
the existing ambient temperature. Just prior to vehicle operation, heat is applied to the engine, batteries, and
components, raising their temperatures enough to ensure starting.

The time from initiating quick heat to achieving reliable starting temperatures can vary from afew minutes to one
hour. The military objective isto achieve reliable starting within a maximum of one hour regardless of ambient
temperature.

STANDBY HEAT SYSTEM

The standby heat concept does not allow vehicle componentsto fall below a certain minimum temperature. For this
to happen, the fuel-burning heater is continuously operated during the standby period. Continuous operation
maintains engine and battery electrolyte temperatures at levels that provide adequate cranking and battery recharging
potential.

The standby system includes an engine coolant heater, hoses, control valves, fuel pump, battery heat exchanger
(commonly known as a battery pad), and miscellaneous hardware. This system is not designed to start avehicle
engine after it has been cold-soaked for an extended period in extreme sub-zero temperatures (-25 ° Fto -65 ° F).
However, in an emergency, the standby system can assist in getting an engine start if adequate time and auxiliary
power are available.

AUXILIARY POWER (SLAVE) RECEPTACLE

The auxiliary power (slave) receptacle is an electrical outlet located at areadily accessible place on the vehicle. It
receives current from other tracked or wheeled vehicles. This provides direct boosting of the cold vehicle current
when starting an engine in cold weather. See Figure 1-8 for sample auxiliary power receptacles.

NATO TERMINAL

NATO TERMINAL
WITH ADAPTER

SLAVE RECEPTACLE

Figure 1-8. Auxiliary power (slave) receptacle and terminals
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Chapter 2
Preparation for Operation

Section |
Chassis and Body Components

SPECIAL CONSIDERATIONS

As described in Chapter 1, cold weather can cause problems with equipment not normally encountered during operationsin

temperate conditions. This chapter contains added information to consider when conducting vehicle/equipment
before-operations PMCS.

BEFORE-OPERATIONS CHECKS

Ensure that added care is taken during before-operations checks. Never touch cold metal parts with your bare hands. Brush
snow or wipe water from the tops of fuel and lube containers, spouts, and plugs before using to prevent contamination.

Wheel Bearings

Wheel bearings should be checked for looseness and proper adjustment. No change of lubricantsis required, since all
wheel bearings are serviced for year-round operations with grease, automotive and artillery (GAA), which has a
temperature range of from -65 ° F to +225° F.

Hydraulic Brakes

Check the reservoir of hydraulic brakes for proper fluid level. No seasonal change of fluid for hydraulic brake systemsis
required. Brake fluid, silicone (BFS), should be retained in the system for all-season use.

Air Brakes

Frozen moisture in the air brake system seriously affects operation. Brake lines, air brake filters, brake chambers, pushrods,
valves, and seals are subject to more defects and failure in cold. Condensation between brake shoes and brake drums may
freeze, making it impossible for the vehicle to move. When this happens, use portable heating equipment to thaw the brake
shoes from the drums. Ensure the alcohol evaporator kit, if part of the system, is functioning. Check brake lines, brake
chambers, relay valves, pushrods, seals, and slack adjusters. Check air compressor, unloader valve, and governor for good
condition and satisfactory operation. With the air pressure at the governed maximum and the brakes applied, stop the
engine. There should not be a noticeable drop in pressure within one minute. Drain reservoirs immediately after operation,
and close drain cocks immediately after draining to prevent freezing in the open position. In the morning, build up pressure
before moving the vehicle. Make certain that the alcohol evaporator jar isfilled with alcohol or the desiccant cartridgeis
serviceable. During scheduled service, clean brake pads. Remove oil and grease from units to avoid hardening and
splitting. This helps to ensure agood air seal under pressure.

The new fleet of Army vehicles--including the family of medium tactical vehicles (FMTV), heavy equipment transporter
(HET), palletized load system (PLS), and high mobility multi-purpose wheeled vehicle (HMMWYV) heavy variant--have
central tire inflation systems (CTIS) that operate off an air compressor. It is not unusual for air valves to freeze resulting in
locked brakes or flat tires.

CAUTION DRAIN WATER FROM AIR FILTERSAND RESERVOIRSAFTER EVERY EIGHT HOURS OF
CONTINUOUS OPERATION.
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Steering Gear

Improper lubricant congeals, thereby making steering difficult or impossible. Hydraulic power steering reservoirs should
be filled with hydraulic fluid, petroleum base, (OHT), or OEA, and not Dextron |1. Examine arms, tie rods, drag links, seals
and boots, pitman arm, gear column, and wheel for good condition and secure mounting.

Shock Absorbers

Shock absorber fluid congeals in sub-zero temperatures, resulting in a hard-riding vehicle or broken shock absorbers. Make
certain shock absorber bodies are securely mounted to the frame. Replace shock absorbersif they are leaking or if their
action is unsatisfactory. To prevent damage to the shock absorber, the operating rod, or the mounting brackets during
extreme cold, operate the vehicle slowly for the first three to five miles. This allow the oil in the shocks to warm up.

Track and Suspension

Ice and snow adhere to tracks, hindering operation. Cold contracts metals and makes rubber brittle. When operating in
snow-covered and icy terrain, remove track pads as the commander directs, and/or employ traction aids (such as reversing
every third track center guide). Remove dirt and ice and inspect for good condition and proper [ubrication. Check track
adjustment. Do not adjust tracks too tightly in awarm shelter, since they contract and break easily in temperatures of -40°
F and below. Adjust track so that the slack is 50 percent greater than that specified for normal operation in the vehicle TM
(Figure 2-1). Another method is to alow the vehicle and track to cool to outside temperature before making adjustments.

50% SLACK COLD WEATHER ADJUSTMENT

NORMAL TRACK TENSION

._—.—'——.—_-p—..-.——-,q,

“ 00606

Figure 2-1. Cold weather adjustment

For the M-1 series tanks with T158 track, special ice cleats are available. For best performance, every fifth track shoe
should receive a set of cleats. A total of 64 cleats per vehicle (32 per side) and 64 new self-locking nuts are needed. These
cleats are for the T158 track only; they will not work with the T156 track. Also, cleats are not yet available for the T156
track.

Tires

At -50° F tires become rigid enough to support aload at 0 pressure without apparent deflation. Sidewalls become brittle
and crack. Valve stems on tubes can bresk if the tires are under-inflated and the tires rotate on their rims. Check valve
stems and tighten cores. Replace coresif rubber seals are brittle or show wear. Examine tire casings for cuts, bruises, or
breaks. Caps must be installed on all valve stems. Increase tire pressure about 10 PSI, as shown in the TM, to compensate
for the cold effects on tires for overnight or extended parking. Tires should be deflated to proper pressure before
operations.

rings

Springs become brittle and break easily at low temperatures. Clips, leaves, U-bolts, hangers, and shackles must be in good
condition and correctly and securely mounted. Spring leaves should not be broken or shifted out of their correct position.
Tighten all spring U-bolts, assembly, and mounting bolts securely.
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Cab Closures

Cab closures protect soldiers from sub-zero temperatures and wind. Ensure cab closure mountings are secure and in good
condition. Replace broken windows, and ensure that closures are tight-fitting.

Fire Extinguishers

Winterize carbon dioxide fire extinguishers IAW the appropriate fire extinguisher TB.

Section i
Power Train

ENGINES
Using ordinary engine oil increases the fluid friction on cylinder walls and bearings to the extent that it may not be possible

to crank the engine with an ordinary storage battery. Using lubricating oil (OEA) prescribed for cold weather operation by
the LO will prevent this condition during cold starts.

NOTE: OEA engine il islisted as OES in some older L Os. Equipment being prepared for future cold weather
operation must use ar ctic-type lubricants, even if consider able operation in warmer climatesisinvolved prior to
cold weather operation. This eliminates disassembly of componentsfor lubrication when low temperaturesare
encountered.

General procedures for preparing the lubrication system for cold weather are as follows:

« If possible, store lubricating oils and grease in awarm place. L ubricants are much easier to pour or apply if they are
warm. Prevent snow or moisture from entering the crankcase when lubricants are added. Use only newly opened
cans of oil to eliminate the possibility of using contaminated oil.

« Keep lubricating equipment free of moisture, snow, ice, or dirt to avoid contamination.
o Inspect the engine oil pan and gasket for leaks.

« Drain the engine lubrication system when warm. Replace the ail filter element. When the system is clean, fill with
lubrication oil (OEA) in the amount specified in the operator TM or LO. Run the engine for 10 minutes and check
for oil leaks. Stop the engine and wait 1 to 5 minutes before checking the oil level. Thisreading will be approximate
only and should be between the ADD and FULL marks. Thisis due to the many oil passages of the engine.

« When atemporary rise in temperature occurs, drivers should not change or vary their operation of the vehicle.
Lubricant levels and points, however, should be closely observed, and proper steps taken to replenish lubricants.
Instructions in LOs apply when a definite change to higher environmental temperatures is expected, such as a change
of seasons (Table 2-1).
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TYPE OIL -60 -20 -10 0 20 30 40 100

OEA

0OE10

OE30 EEEEEREE
5W20 Illllllllllq

10W30
10W40

15W40

Recommended for Use

-_- May be Used

Table 2-1. Engine recommended temperature range {F)

NOTE: When engine oil (SAE 10 or OE/HDO10) isprescribed for gear cases, drain and fill with lubricating ail
(OEA) or gear oil (GO75) asprescribed by LO.

TRANSMISSIONS/TRANSFER CASES/DIFFERENTIALS/FINAL DRIVES

All transmissions should be drained, flushed, and completely refilled with lubricant prescribed in the LO. Some LOs
require the use of Dextron 11 in the transmission. In cases where the prescribed lubrication is not readily available in the
supply system, units may have to local-purchase the required lubrication.

COOLING SYSTEMS

Operators need to constantly check the engine's operating temperature. A cooling system should be able to reach 160 ° to
180° F no matter how cold it is outside.

Liquid Cooling System

For temperatures of 32° F and colder, cooling systems are protected with antifreeze compound, ethylene-glycol, inhibited,
heavy-duty single package (MIL-A-46153).

Cooling systems containing no ethylene-glycol-water or arctic antifreeze solutions should be drained and flushed, if
required, before the onset of freezing temperatures. Soldiers should then add the correct antifreeze solution. Propylene
glycol-based antifreezes available commercially should not be mixed with ethylene glycol-based antifreeze.

CAUTION IT ISESSENTIAL THAT ANTIFREEZE COMPOUNDSBE KEPT CLEAN. USE ONLY
CONTAINERSAND WATER THAT ARE FREE FROM DIRT, RUST, AND OIL.

Procedures

When drain plugs have been removed, or drain cocks opened to remove liquid from the cooling system of any equipment,
the drains should be inspected to ensure none are obstructed. If any drain hose has become obstructed by foreign material,
use a soft wire to clear the obstruction and permit complete drainage.
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Before adding antifreeze compound, the cooling system must be clean and completely rust-free. The system should be
cleaned with cleaning compound IAW TB 750-651.

Inspect/replace all deteriorated cooling system hoses and radiator cap gaskets. Inspect and tighten hose clamps, plugs, and
petcocks. Repair radiator leaks before adding antifreeze compound. Correct any exhaust gas or air leakage into the cooling
system.

If there are signs of coolant leaks at the cylinder head, check cylinder head nuts for torque as specified in the applicable
TM. Replace the cylinder head gasket if necessary. On some vehicles, the torquing of head bolts and replacement of head
gaskets is the responsibility of direct support (DS) or genera support (GS) maintenance. Check the applicable TM.

If the engine does not reach normal operating temperature, inspect the thermostat to see that it closes completely. Look for
evidence of sticking in open or closed position. Replace the thermostat if it does not open or close completely or does not
function freely. Where average temperatures are between 0° and -65° F, a+190° to +195° thermostat should beinstalled in
cooling systems that use a 150° F thermostat for normal operations.

If premixed antifreeze is not available, use Table 2-2 as a guide for mixing. The antifreeze should then be tested with a
hydrometer or the view-type tester (Figure 2-2).

VIEW TYPE BATTERY TESTER

HYDROMETER TYPE TESTER

Figure 2-2. Antifreeze testing devices

The antifreeze tag should read: THIS COOLING SYSTEM ISFILLED WITH ETHYLENE-GLY COL ANTIFREEZE
SOLUTION. PROTECTS TO -40° F (or whatever the correct protection temperature should be); or, THIS COOLING
SYSTEM ISFILLED WITH ARCTIC-TYPE ANTIFREEZE. PROTECTS TO -90° F. CAUTION: DO NOT ADD
WATER OR ANY OTHER TYPE OF ANTIFREEZE.

Record the condition of the cooling system and the degree of freeze protection in maintenance records.
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PROTECTION TABLE
Cooling ANTI-FREEZE COOLANT REQUIRED IN QUARTS
System
Capacity For Protection to temperature Points °F Shown Below
in
Quarts
2 3 4 5 B 7 8 ) 10 11 12 13
5 20 [ 620 e g i e
6 0° | -34° i
7 6 | -17° | -54°
8 100 | -7° | -34° | -69°
g 0 | -21° | -60°
10 4= | 12° | -34° | -B2° i :
11 8 | -6° | -23° | 4T - .
12 10° | -0° | -15° | -34° | -B57° F 1 i
13 35 | -9° | -25° | -45° | -66° .
4 | 6° | -5° | 7% | -34° | 540 | i
15 ge | 0° |-12° | -28° | -43° | -g2° i
16 10° 2° 7% | -18° | -34° | -52°
17 5 | -4° [ -14° | -27° | -42° | -58°
18 70 | 0° | -10° | -21° | -34° | -50° | -65°
19 g° 2° | -7° | -16° | -28° | -42° | -56°
20 10° | 4° | -3° | -12° | -22° | -34° | 48° | -62°
21 B° 0° | -9° | -17° | -28° | -41° | -54° | -68°
22 o 8o | 20 | -6° | -14° | -23° | -34° | -47° | -59°
23 o g° 4° -3° | -10° | -19° | -29° | -40° | -52°
24 10° 5" o= -7° | -15° | -24° | -34° | -46°
Guide for Preparation of Ethylene-Glycol Antifreeze Solutions
Do not use withoul some water; 68% conceniration gives maximum profection. Use at
least 25% concentrafion for protection against rust and corrosion.

Do not use without some water; 68% concentration gives maximum protection. Use at least 25% concentration for

Table 2-2. Antifreeze mixing guide

Guidefor Preparation of Ethylene-Glycol Antifreeze Solutions

protection against rust and corrosion.

Air-cooled System

Since an air-cooled system does not use aliquid coolant, it is often assumed that air alone acts as the cooling medium. This
is not true. The lubrication system also helps in cooling the engine and transmission. It often includes oil pumps that
circulate the oil between the engine and the coolers and between the transmission and the coolers, removing heat from the
engine and transmission. Some engine cooling al so results from the fuel contacting metal parts prior to combustion.

The effects of cold on an air-cooled system are basically the same as the effects on the engine lubrication system.

FUEL SYSTEMS
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For a satisfactory start, engine fuel must be volatile enough to produce a combustible mixture with air. Atomization, which
increases the rate of vaporization of the fuel to produce a combustible mixture, is adversely affected by low temperatures.
The maximum amount of vaporization obtainable with the regular grade of motor fuel--without the use of a primer or
application of heat to the mixture--provides only enough vaporized fuel for starting at a minimum temperature of 0° F.

Diesel engines are particularly difficult to start in cold weather. Many fuels, such as DF-2, contain waxes that congeal at
temperatures below 0° F. If this occurs, the filter will clog and the fuel will not flow. Diesel fuel, arctic (DFA) grade, does
not contain as much wax and performs well in cold regions. JP-8 isa good low temperature diesel fuel; however, check the
TM to make sure it can be used without excessive fuel injector pump wear.

Water accumulates in tanks, drums, containers, fuel pumps, and carburetors because water from the air condenses. At low
temperatures, this water formsice crystals that clog fuel lines, fuel filters, fuel pumps, injector nozzles, and carburetor jets.

NOTE: Fue filters should be cleaned or changed at frequent intervals. Conditions may require daily cleaning
under field use. Take special careto ensure 5-gallon fuel cansused in refueling are clean and serviceable. Fuel
nozzles should be complete with filters.

Follow the instructions listed below to prepare fuel systems for operation in cold weather. Drain fuel systems and refill
with arctic-grade fuel. Add inhibitor, icing, fuel systems (ethylene glycol monomethyl ether) to diesel fuels and add
methanol, technical, to gasoline. Mix additives with the fuel, normally at aratio of one pint of additive to 40 gallons of
fuel, prior to refueling (Table 2-3).

NOTE: Using additivein greater proportionsthan two pints of additiveto 40 gallons of fuel resultsin poor engine
per formance and possible engine damage.

Remove and service all engine and air compressor air cleaner elements, including oil-bath type. Clean with dry-cleaning
solvent and reinstall. Fill oil-bath type cleaners with OEA. Dry-type air cleaners, both felt and paper, should be cleaned
with either low pressure air or soap and water. When soap and water or dry-cleaning solvents are used, air cleaners should
be dried thoroughly before reinstallation.

Check for any indication of fuel leaks. Trace all leaksto their source and correct or replace parts.

UNIVERSAL AND SLIP JOINTS

Thoroughly lubricate joints with grease, molybdenum disulfide (GMD). Remove dirt and ice and check for good condition.

FUEL REQUIRED ADDITIVE FUEL TEMP RANGE F°
MOGAS Methanol, Tech. ALL
DIESEL
DF2 Ethylene, Glycol, Monomethyl, Ether Above 25
DF1 Glycol, Monomethyl, Ethylerne, Ether 25t0-25
DFA Ethylene, Glycol, Monomethyl, Ether Below -25
JP8 Ethylene, Glycol, Monomethyl, Ether Below -25
Check for any indications of fuel leaks. Trace all leaks to their source and correct or replace parts as
necessary.

Table 2-3. Fuel and additive mixtures
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Section 1l
Electrical System

SPECIAL CONCERNS

The drive mechanisms of starters are extremely susceptible to failure at low temperatures. Grease or dirt on the armature
shaft, bendix drive, or other type of mechanical drive prevents gears from meshing properly. It can also cause them to
remain in mesh after the engine is started, damaging the starter. An improper lubricant on bushings can congeal and cause
the starter to operate poorly by placing an excessive drag on the armature. Solenoid plungers, unless clean and free of oil,
bind in switch assembly housings. Oil and grease on brushes or commutator prevent the good contact needed to carry the
large amount of current required to crank an engine.

The breaker contact-arm bushing can freeze on its pivot if it isnot clean and properly lubricated. This freezing prevents the
breaker arm from returning when the cam separates the points. Improper oil or excessive dirt causes automatic advance
mechanisms on distributors to become inoperative. Other problems may include--

« lce caused by condensation coats spark plugs and may prevent starting of engines.
« Oil or dirt on brushes or commutator causes unsteady or low generator output.
« Lubricant congealing in bushings at low temperatures causes electric heater motors to operate poorly.

« Insulation on low and high tension cables cracking. Besides being a safety hazard, this condition can impair overall
performance.

SYSTEM PREPARATIONS

The following procedures prepare the electrical system for cold weather operations:

« Storage battery capacity is greatly reduced at |ow temperatures because the electrolyte is less active. To prevent
freezing, operators must keep batteries fully charged. Check specific gravity of the electrolyte to determine the state
of charge of the battery.

« Totest specific gravity, the visual battery/antifreeze tester is one of the best products available. Thistester is
designed specifically for rapid and accurate checking of battery charge and permanent antifreeze protection. Only a
few drops of electrolyte or coolant are needed for an accurate reading. A separate tester isrequired for propylene
glycol antifreeze compared to ethylene glycol antifreeze.

« Totest battery electrolyte, close the plastic cover and put afew drops of the electrolyte onto the measuring surface
through opening in cover.

« Point the tester toward a bright light and look into the eyepiece. Read the scale on the | eft side. The liquid sample
divides the scale showing light and dark areas. Read the scale at the dividing area. The tester automatically corrects
for temperature.

Another method of checking specific gravity iswith a battery hydrometer. The hydrometer uses a float to measure the
density of the electrolyte. However, the float only measures the actual density of the solution; it does not take into account
the temperature variations that make the electrolyte contract and expand. In cold weather a specific gravity reading must be
corrected to atemperature of 80° F. The normal correction for temperature is 4 (0.004) points of specific gravity for each
10° F change in temperature of electrolyte above or below 80° F.

To minimize starting problemsin temperatures below 0° F, ensure that batteries are initially filled with electrolyte of 1.280
specific gravity. TM 9-6140-200-14 gives specific information for the mixture of electrolyte. A battery apparently fully
charged according to a hydrometer reading (actual reading 1.280) is, in reality, only half charged at -60° F when the
specific gravity reading is corrected to 80° F (corrected reading 1.220). A battery should be above 20° F to deliver
sufficient current for starting.

If the vehicle is equipped with a battery heater, it must be operated AW instructions supplied with the winterization kit. If
no winterization equipment isinstalled on the vehicle, the battery can be heated by removing the battery and placing itin a
heated room, or by directing hot air on it from a portable heater. (Sufficient time must be allowed to warm battery
internally.) Some vehicles, such asthe M1 Abrams tank, have exposed batteries that are not heated. These batteries will not
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fully charge in operation; over time, they will need to be heated and recharged in a maintenance shop to maintain reliable
starting.

CAUTION

ADD WATER TO BATTERY ONLY WHEN VEHICLEISTO BEIMMEDIATELY OPERATED FOR 30
MINUTES OR MORE.

Section IV
Auxiliary Equipment

AIR COMPRESSORS

An air compressor is an engine-driven device used to compress air to predetermined and controlled pressures. It isused in
vehicle air-brake, air-hydraulic brake, and central tire inflation systems.

Condensed moisture may freeze within the compressor. Follow after-operation maintenance procedures by draining
condensation from air compressor tanks. If the bleed valve is frozen, report it immediately to maintenance personnel. Some
900 series vehicles (M911/977) and the new FMTV 2 1/2- and 5-ton trucks use air driersin the air brake system. These
system must be checked for frozen vaporsin the drip tube. The same system is al'so used on the PLS and the HET.

Alcohol evaporators, usually found near the air compressors of cargo trucks and semitrailers, should be filled with a cohol
during operations in temperatures of -20° F and below. These evaporators are usualy plastic bottles of alcohol included in
winterization kits. They are designed to draw water out of the air going into the compressor to prevent freezing. Check the
container before, during, and after operations.

Air compressors either have their own lubricating system (self-lubricated) or are lubricated from the engine lubrication
system. No further preparation is necessary for the engine-lubricated, air-cooled compressor, provided the engine
crankcase has been filled with lubrication oil (OEA).

NOTE: If an oil-bath-typeair cleaner isused on a compressor, drain theoil, clean, and fill to proper level.

The cooling system of liquid-cooled air compressors is connected to the cooling system of the vehicle engine. Drain, flush,
and clean the compressor cooling system and inspect for leaks. Ensure al connections are in good condition. Tighten
cylinder head bolts to correct torgque tightness specified in the vehicle TM. The engine coolant system must be adequately
protected with antifreeze compound. Inspect the compressor for |leaks.

AUXILIARY ENGINES AND GENERATORS

The auxiliary engine and generator are operated when batteries are being charged, when auxiliary electrical equipment is
being used, while the main engineis not running, or when the current furnished by the main engine is inadequate for the
imposed |oad.

Preparation for Operation

The auxiliary engine, generator, spark plugs, and magneto should be prepared in a manner similar to the main engine and
components. Carefully warm the engine block with a swingfire heater, or with the duct from a portable heater, to assist in
starting. Many small engines have a summer/winter air intake diverter which allows warm air to be pulled over the exhaust
in winter and directly from the outside in summer. If the engine is so equipped, ensure the diverter is set for winter
operation.

NOTE: Some small engines have a low oil pressure shutoff switch to stop the engine in case of low oil pressure.
Theail in the engine block must be war med sufficiently so the cranking revolutions per minute (RPM) can build
up enough oil pressureto close the switch so the engine will start.

POWER TAKEOFF ASSEMBLIES
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Power takeoff assemblies are usually mounted on the side of the transmission, but are sometimes mounted on the side of
the transfer. They provide a means for taking power from the engine to operate a chain-driven winch, a hydraulic pump
(for hydraulically-operated winch, dump mechanism, or gasoline delivery to tank), or other various auxiliary power-driven
machinery (i.e., earth-boring machine and crane). In cold weather, improper lubricants will solidify, making operation of
the power takeoff difficult or impossible.

Preparation for Operation

Asthe power takeoff operates from the transmission or transfer, the lubricant should be that specified for sub-zero
temperatures for these units. Drain the gear cases while warm and fill with prescribed grade of gear lubricant.
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Chapter 3
Operating and Maintenance Procedures

Section |
Operating Vehicle Engines in Cold Weather

Once vehicles are started and operations begin, operators must remain aware of the special problems cold
weather can cause. This chapter provides added guidance to consider when performing
vehicle/equipment during-and after-operations PMCS.

OPERATING AND IDLING

At temperatures below -20° F, operators may have to start vehicle engines periodically to maintain an
acceptable state of readiness. However, this should not be done if other means are available, such as
power plant heaters, external heat, or indoor parking.

Before commanders authorize periodic starting of engines, they must consider fuel supplies. Also, they
must establish starting and shutdown schedules to ensure engines do not run continuously. At
temperatures below -25° F, it may require a continuous idle of engines, especially heavy equipment,
tracked vehicles, and heavy trucks. Idle speeds, as specified in the appropriate TM, must be followed.

Experience determines starting and shutdown intervals. Factors such as ambient or expected
temperatures, vehicle condition, and readiness conditions influence scheduling. The following must also
be considered--

« Vehicles should only be cold-started using the procedures outlined in the TM. Carefully read and
follow the instructions for operating the vehicle under unusual conditions (cold). Thisis
particularly important for operating the engine starter and induction manifold. Most equipment
publications contain cautions relative to the time of engine starter engagement. However, itis
sometimes necessary to exceed the recommended starter time. Thisis due to the cold-starting
characteristics of most internal combustion engines. If a starter time limit is 30 seconds, and
engine firing isintermittent during cranking, it may be wise to briefly extend the starter
engagement time.

« Vehicles should not be allowed to become col d-soaked.
« Engines should be started periodically to keep lubricants warm.
» Batteries must be kept warm and fully charged.

« Depending on the situation, concealment and noise discipline may have to be sacrificed to
maintain readiness of the vehicles.
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Idling Limitations

Vehicle engineidling is wasteful and may be hazardous. It has detrimental effects on fuel supply, tactical
missions, and safety for the following reasons:

« Increasesfuel consumption.
« Discharges batteries.
« Causes engine wear and reduces engine overhaul periods.

o Causes spark plug fouling especially in two stroke cycle engines such as all terrain vehicles,
snowmobiles, outboard motors, etc.

« Causes possible carbon monoxide hazards.
« Endangers concealment and camouflage.
» Potentially causes engine overheating.

« Potentially causes slobber of diesel engines. To reduce slobber of diesel engines, whichis
unburned diesel fuel and exhaust that builds up around the exhaust pipe in cold weather during
idling, increase the idle speed. Otherwise, this condition should clear up after a short period of
normal operation at normal operating temperatures.

Vehicle engines, except diesels, must not idle for excessive periods (never longer than five minutes)
while vehicles are awaiting, discharging, or receiving passengers. Vehicle engines must not idle to
operate personnel heaters. Vehicles with diesel engines may have to be idled to eliminate starting
difficulties. Efficient vehicle and power plant heater maintenance eliminates starting problems.

NOTE: When it is anticipated that vehicles equipped with diesel engineswill be in a static position for
30 minutes or less, operate engines at the prescribed idling speed.

NOTE: When temperatures are below -25° F, it may be necessary to operate diesel engines
continuously to ensure operational responsiveness.

Operator Requirements

A licensed operator must be present in the driver's compartment whenever the main and/or auxiliary
engineis being operated.

Engine oil and coolant levels must be checked daily prior to initial starting of engine. Battery electrolyte
fill levels must be checked daily. When engine operation is required for battery recharging or engine
warm-up, an engine speed of 1,000 to 1,200 RPM, as prescribed in the vehicle TM, must be maintained.
Occasional variance of speed for short periods is authorized.
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WARNING

OPERATION OF THE MAIN ENGINE OR AUXILIARY GENERATOR ENGINE WHEN A
VEHICLE ISSTATIONARY EXPOSESTHE CREW TO POSSIBLE CARBON MONOXIDE
GASPOISONING. THE POSSIBILITY ISGREATLY INCREASED WHEN HATCH DOORS
ARE CLOSED. TO MINIMIZE THISHAZARD, POSITION VEHICLE WHEREVER
POSSIBLE SO THAT WIND WILL CARRY FUMESAWAY FROM CREW
COMPARTMENT; THEN TURN ON TURRET VENTILATION BLOWER. BE SURE
ENGINE COMPARTMENT BULKHEAD DOORS ARE SECURED BEFORE OPERATING
ENGINES. WHEN THERE ISNO OUTSIDE AIR MOVEMENT, PERSONNEL MUST
DISMOUNT FOR AT LEAST 10 MINUTESEACH HOUR (TACTICAL SITUATION
PERMITTING).

Engines Equipped with Power Plant Heaters

V ehicles equipped with liquid-cooled engines are provided with power plant heaters. These must be used
for standby heat or engine preheating when outside ambient temperatures are below -20° F. The power
plant heaters must be properly maintained year round. Some power plant heaters must not be operated
when vehicle engine is operating; check the TM before operation.

Engines not Equipped with Power Plant Heaters

When temperatures fall below -20° F, vehicles not equipped with power plant heaters must be operated at
1,000 to 1,200 RPM to ensure equipment is ready. Intervals between engine operations depend upon
wind speed and temperature. Operate engines a minimum of 20 minutes every 2 1/2 hours.

Vehicles Equipped with Radios

When radios in radio-equipped vehicles are in use, keep the engine operating at approximately 1,200
RPM. This maintains a satisfactory battery charge. If this procedure is not followed, batteries will fail

rapidly.

When starting radio-equipped vehicles, operators must protect the radios. Ensure that the power amplifier
switch isin the OFF position, or that the radio function switch isin the OFF or STANDBY position
when starting (Figure 3-1).

3-3



FM 9-207 Chapter 3

ENSURE RT FUNCTION
SWITCHIS IN THE
STANDBY OR OFF
POSITION BEFORE
STARTING VEHICLE

Figure 3-1. Protect radios when starting vehicles

STARTING WITHOUT ASSISTANCE

Starting a vehicle in severe cold can present a number of challenges. Ensure proper procedures are
followed to safeguard personnel and equipment.

Gasoline Engines

In cold weather, storage batteries become less efficient and provide much less output. A cold battery
cannot energize the starter to turn over the engine at the required cranking speed and also supply the
current needed to ignite the spark plugs. The fuel is often not volatile enough to supply proper fuel-air
mixture to the combustion chamber.

For a successful start in cold weather, ensure the following conditions exist:

The viscosity of the engine lubricating oil permits cranking without overtaxing the capacity of the
starting system. The engine oil must splash and be distributed easily by the oil pump to the various
parts and bearings.

The battery isfully charged and warm enough to supply current to crank the engine and the spark
needed for ignition.

The ignition primary and secondary circuits are clean and free of cracks, frost, and moisture to
prevent shorts or current leaks.

The distributor breaker points are free of oxidation and moisture, in good condition, correctly
adjusted, and checked frequently.

Ether is used as an emergency starting aid only if aslave kit and/or portable heater are unavailable
for preheating. Exercise extreme caution and use ether only as alast resort to prevent mission

3-4



FM 9-207 Chapter 3

failure. Consult appropriate -10 series manual when using emergency starting aids.

CAUTION

ETHER SHOULD BE INJECTED INTO ENGINE AIR INTAKE SYSTEM ONLY WHILE
THE ENGINE ISBEING TURNED OVER. OTHERWISE, FLASHBACK MAY OCCUR.

Diesel Engines

Diesel engines are particularly difficult to start in cold weather without preheating the intake air. Since
the air is heated by compression, it must attain a temperature hot enough to ignite the injected fuel. This
preheating can be accomplished as follows:

o Useair manifold heaters when the ambient temperature drops below + 32° F. Employ this device
only when the engine is turned over. Switch off the air manifold heater when the engine starts.

« Warm the engine with external heat to preheat the engine.

« If so equipped, operate the engine coolant fuel-fired preheater for the prescribed amount of time
before starting.

USING AUXILIARY POWER (SLAVE) RECEPTACLE

The auxiliary power (slave) receptacle is used to start a vehicle when its batteries are unable to supply
starting current.

The procedures that follow generally apply to tactical vehicles, combat vehicles, and self-propelled
weapons. Refer to the vehicle operator's manual for instructions and procedures.

« Start the engine of the vehicle supplying the auxiliary power; adjust the engine idling speed to
1,200 RPM.

« Connect the slave cable to the auxiliary power receptacle in each vehicle.

CAUTION

ENSURE THAT SLAVE CABLE ISCONNECTED POSITIVE TO POSITIVE AND
NEGATIVE TO NEGATIVE. BATTERIESARE CHECKED PRIOR TO SLAVE STARTING.
IF THE DEAD VEHICLE HASA MASTER SWITCH, IT MUST BE OFF WHILE
CONNECTING THE SLAVE CABLE.

« Turnon the master switch in the receiving vehicle.
« Start the dead engine; adjust engineidling speed to slow idle.

« Disconnect extension cable from both vehicles as soon as the receiving vehicle idles at 650 RPM
without stalling.

« Increase engine speed in receiving vehicle to 1,000 to 1,200 RPM. Check battery-generator
indicator in the vehicle to make sure it shows that the battery is being charged.

TOWING TO START ENGINE

Attempting to start avehicle by towing isill-advised. Applying external power does not solve the
problem of internal resistance due to frozen parts (i.e., lack of lubrication or hydrostatically locked
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engine). However, if all other expedients have failed and the following conditions are met, a vehicle with
amanual transmission may be towed to start the engine:

If the engine can rotate through one complete cycle, this shows that the engine is not
hydrostatically locked.

Lubricants are fluid enough to allow the engine to turn over without excessive drag.

Lubricantsin the transmission and transfer case permit gears to shift and allow operation without
excessive drag on the power train.

Lubricantsin the wheel bearings and differential are not congealed. Check for wheel rotation by
slowly towing the vehicle in neutral and ensuring all wheels are rotating. If towing the disabled
vehicle on packed snow or ice, the wheels may dlide. Try to find adry or graveled surface;
otherwise, if the wheels still refuse to rotate, warm the differentials with a swingfire heater or with
the heat ducts of a portable heater; or if possible, move the vehicle slowly into a heated shelter and
alow it to warm up.

The hand brake is released, and neither the hand brake nor service brake linings are frozen to the
brake drums.

CAUTION

TOWING A VEHICLE TO START ITSENGINEWILL ONLY BE DONE IN AN EXTREME
EMERGENCY. USE A TOW BAR WHEN TOWING. USE TOW CHAINSONLY ASA LAST
RESORT. THE OPERATOR'SMANUAL MUST BE CHECKED PRIOR TO
TOW-STARTING ANY VEHICLE.. SOME VEHICLES CANNOT BE STARTED BY
TOWING; IFATTEMPTSARE MADE TO TOW-START SOME EQUIPMENT, SEVERE
TRANSMISSION DAMAGE MAY RESULT.

CAUTION
VEHICLESSHOULD NEVER BE STARTED BY PUSHING.

Section I

Chassis and Body Components
OPERATIONAL CONSIDERATIONS

|ce, mud, and snow build up to such an extent on operating vehicles that they overload vehicle

components, reduce ground and other clearances, and prevent or interfere with normal operation of
moving components. Buildup and freezing of slush and water around the wheels of an operating vehicle

can cause aloss of steering ability.

Tracks

Check oil-lubricated road wheel bearings to ensure that water has not collected during operation. If
significant amounts of water have collected, seals may rupture as the water freezes and expands. If
possible, avoid quick starts, stops, sharp turns, and side slippage on ice and snow, as they can throw
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tracks and/or cause loss of control.

Tires

Tire pressure rises and falls with the temperature. Monitor tire pressure frequently to avoid flat tires or
over-inflation. If tires have aflat spot where contact with the ground was made, use a light pressure on
the accelerator and drive the vehicle slowly until generated heat permitstires to round out. Also, move
vehicle often during periods of freezing rain or sleet. To prevent tires from freezing to the surface, place
small branches or other insulating material under them before parking (Figure 3-2). If tires do freezein
place, use a portable hot air heater to unfreeze them.
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Figure 3-2. Place material under tiresto prevent freezing

Tire Selection

Three types of nondirectional tires are available for use on standard tactical vehicles. They are the
cross-country tire, the mud and snow tire, and the radial tire (as on the HMMWV). It is best not to mix
tires on avehicle. However, if tire stocks are depleted, different types may be used as long as only one

type is used on any one axle. Some commercial vehiclesin the Army inventory use commercial
all-terrain radial tires. Early model HMMWYV bias ply run flat tires mount on special rims. Later version
radial tires are designed to run on newer style rims. These tire/wheel combinations should not be mixed
on specific vehicles.

Chains

Check vehicle chains prior to operation to ensure that they are serviceable. Drivers should practice
mounting and removing chains. Remove the chains when not needed; this practice keeps them in good
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condition. Chains wear out in approximately 350 miles of asphalt road operation. Also, they can damage
vehicle and body suspension components.

rings

When starting out, proceed with caution to allow springs time to attain flexibility. Avoid driving into
depressions or over obstacles; this practice may create shocks that could break springs in extreme cold.

Cab Enclosures

Use heaters to maintain adequate temperatures within cab enclosures. When crossing frozen streams or
other bodies of water, open cab doors to permit quick escape of personnel in case vehicle should break
through theice.

Note: Do not cross deep water obstacles covered with ice without checking with supporting engineer
units for safe crossing ice thickness.

Parking Brakes

Do not park with brakes set; they may freeze in this position and not release. Use chock blocks to hold
wheels or tracks in place. If brake components do freeze in the set position, use an external heat source
(such as the portable duct heater) for thawing to prevent damage to the vehicle power train. For the small
unit support vehicle (SUSV), parking brakes must be applied when stopped, since thereisno
neutral-park gear.

Section Ill Power Train
OPERATIONAL CONSIDERATIONS

In severe conditions, specific procedures must be followed to safeguard avehicle's power train.
Following these procedures will ensure smooth operations.

Starting Conventional Transmissions

To start a conventional transmission, depress the clutch pedal while starting engine with gear shift in
neutral. Once the engine is running smoothly, release the clutch cautiously; maintain the engine at idle
for two minutes or longer to warm lubricant in the transmission.

NOTE: If vehicleis equipped with atransfer having a selector lever, transfer lubricant may be heated
the same way by placing selector level in neutral and transmission in low.

Starting Automatic Transmissions

Automatic transmissions warm up differently, depending on the type. Some warm up in park, while
others only warm up if the selector lever isin the neutral position; still others must be placed in gear
during warmup. In extreme cold (-25° F and below), many transmissions will not warm up unless placed
in gear, allowing the torque converter to pump and preheat the transmission fluid. Forced movement of
the vehicle prior to warmup can cause transmission failure. Always consult the operator manual for
proper transmission warmup procedures.
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Idling

To idle the vehicle, adjust the hand throttle to the engine speed specified in the operator TM until the
engine is running smoothly. Engage the engine clutch (where applicable) to allow gear case lubricants to
warm. With transfer case levers remaining in the out position to prevent movement of the vehicle,
depress the clutch and operate the transmission gear shift lever until the lever moves freely.

During Operation

The driver must be extremely careful when placing the vehicle in motion when gear case lubricants or
wheel bearing greases are congealed and tires are frozen to the ground. Trying to operate under these
conditions damages power train components, such as clutch facings, universal joints, or gear teeth. When
placing the vehicle in motion, put transmission in low gear and transfer unit in low range. Drive the
vehicle about 100 meters, being careful not to stall the engine, then upshift. Continue slowly in the higher
gears until the vehicle moves freely and tire thump ceases.

After Operation

When preparing a vehicle for shutdown, place transmission and transfer shift leversin the neutral
position. This prepares the vehicle for the next start by preventing the levers from freezing in an engaged
position.

Section IV

Engine Lubrication System
OPERATIONAL CONSIDERATIONS

The mechanical efficiency of an engine depends on the proper functioning of the lubrication system.
Careful attention to PMCS by the driver and unit mechanic is required to keep the system in the best
working condition.

Check engine oil prior to starting and fill to prescribed level. As soon as the engine starts, check the
reading on the oil pressure gauge. If engine oil pressure is not indicated within 30 seconds after starting,
shut down the engine and determine the cause. On vehicles equipped with warning lights, stop the engine
and investigate the cause (if the engine-oil pressure warning light does not go out within 30 seconds).

Engine temperatures ranging from 160° to 180° F must be maintained for normal operation. This
temperature can be attained by adjusting the air inlet shutters or covers and by having a serviceable
thermostat.

The oil pressure gauge and/or warning light must be observed frequently during operation because of
increased equipment failuresin extreme cold. Consult the operator manual for normal oil pressure.
Report to maintenance personnel if normal operating oil pressure cannot be maintained. Low oil pressure
warning lights may blink on and off at 500 to 650 RPM using OEA lubricant at idle, but they should not
stay on at higher RPMs.

After each operating period, carefully inspect and service the system as follows:
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« Inspect oil pan, valve covers, gaskets, and any external units of the lubrication system for leaks;
correct deficiencies or report them to maintenance mechanics. During periods of extreme cold, itis
not uncommon to observe leaks from various seals on hydraulic systems and oil filled components

upon start-up. After the component reaches normal operating temperature and the seal becomes
soft and flexible, these leaks should stop. Reporting leaking components before all owing sufficient
time for the seal to warm up causes an undue burden on the maintenance system and unnecessary
sedl replacement.

o Check engine oil and fill to prescribed level.

CAUTION

OIL CONSUMPTION ISMUCH HIGHER WHEN USING OEA. ENGINESMAY RUN OUT
OF OIL BEFORE THE NEXT MAINTENANCE CHECK. CHECK FREQUENTLY.

« At theend of each operating period, and five minutes prior to shutdown, normalizethe
vehicle engineto allow a coating of cooled oil to beretained on the cylinder walls and pistons.
This prevents damage at the time of restarting. It can be accomplished by lowering the
engine RPM to the prescribed high idling speed (see TM) and by maintaining it for about
five minutes. This procedureis extremely important to preventing engine damage and is
mandatory for all heavy-duty gasoline, multifuel, and diesel engines.

MAINTENANCE

The two most common failures of the engine lubrication system are caused by low or no oil
pressur e and the accumulation of sludgein thelubricating oil.

Low or No Oil Pressure

L ow oil pressureisnormally caused by fuel-diluted oil, hot oil, or low viscosity oil. No oil pressure
may be caused by cold, congealed, high viscosity oil; a clogged strainer; a defective oil pump; the
lack of lubricant; or engine component failure (such as an engine bearing).

Note: Do not overlook the possibility that the oil pressure gauge may be defective. If the gaugeis
working correctly, the oil is up to the full mark, and the oil filter element is not clogged, the failureis
probably in the pump or line.

Accumulation of Sludgein L ubricating Oil

Cold weather tendsto prevent engines from reaching normal operating temper atur es,

increases the development of carbon in the engine, and increases oil dilution and condensation.
These factors combineto create engine sludge (Figure 3-3). To correct a sludge condition, drain ail
while engineishot and refill with OEA.
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WHAT THE TERM "SLUDGE" MEANS AND WHAT IT INCLUDES
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Technically, the term "sludge" implies oxidized oil. Practically, itis used
to designate a mixture of dust, carbon, dilution, condensation, and metal
particles introduced into the oil by normal engine operation, as well as
chemical contaminants and oxidation products produced in an engine.

Figure 3-3. Engine sludge

After operation, inspect the oil pan, valve cover, timing gear cover and gaskets, and external oil
linesfor oil leaks; correct as necessary. To protect the environment, drip pans must be placed
under all leaks. Turnin all used oil IAW host nation, federal, state, and local environmental laws
and regulations and unit SOPs,

Section V
Electrical System

STARTING PROCEDURES

The storage battery functions asthe heart of the electrical system, especially during the starting
phase. Pay particular attention to the battery terminals and clamps during cold weather. A loose
connection or a small amount of corrosion will add a lot of resistance flow. The current drop that
would not even be noticed during warm weather can keep the starter from turning over when the
engineis cold-soaked. Also, loose connections and dirty terminals prevent the battery from
receiving a full charge when it needsit most. When starting the engine, follow cold-start
proceduresin the TM, modified as needed by procedures outlined in Section | of this chapter.

If the enginefailsto start, discontinue starter operation and turn off all switches being used to start
the engine. Wait a few minutesfor the starter to cool before attempting another start; repeat the
pr OCess.
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DURING OPERATION

During vehicle operation, adhere to the following guidelines:

« Allow the engineto warm up to the recommended temperature for sub-zero operation
(thermostat opens at 180° F).

o Check operation of instruments during war mup, especially the oil pressure gauges and
war ning lights.

« Takeadvantage of all methods available to keep the battery at recommended temperature. If
the battery iswarm enough to accept a charge (above 35° F), the battery generator indicator
should read in the high green immediately after starting.

« Noteany unusual noise from the alternator. Fan beltsbreak at a high rate below -50° F.
Inspect beltsfor cracks prior to cold weather operation; replace cracked belts. Adjustable
length belts are available for emergency roadsiderepair of " V" belts. They comein 3/8-,
1/2-, and 3/4-inch widths and require a connector tool to fit to size. Stock number s are shown
in Appendix C. Vehicles such asthe HMMWYV are equipped with serpentine belts, and only
another serpertine belt can be used.

» Note any unusual noise from the generator.
MAINTENANCE

Emphasis must be placed on the proper care of electrical systemsto ensure efficient operation.

If it isnecessary to recharge a storage battery under low-temper atur e conditions (electrolyte not
frozen), the charging voltage should be low enough to prevent excessive gassing or boiling of the
electrolyte. At low temperatures, the permissible charging current is much lessthan at higher
temperatures and, therefore, requires a proportionately longer charging time (See TM

9-6140-200-14).

WARNING

WATER SHOULD NEVER BE ADDED TO A COLD BATTERY; ADD IT WHEN THE
BATTERY ISWARM AND CHARGING, ORIT WILL NOT MIX. FREEZING COULD
RESULT DUE TO REDUCED SPECIFIC GRAVITY.

If water isadded to a battery that is exposed to sub-zero temperatures and isbeing charged, the
layer of water will stay at thetop and freeze before it has a chance to mix with the electrolyte.
Never attempt to recharge a battery with frozen electrolyte. Never add water or electrolytetoa
frozen or cold-soaked battery, an explosion may result.

NOTE: If adding water to a battery at temperatures of 32° F to approximately 50° F, do not fill to level
indicated on cell cover or vent plug, since the electrolyte will expand as it is heated and the battery will
flood. Acid or electrolyte should never be added to a battery once initiated into service. Use only
distilled water.
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Section VI
Fuel System

FUEL STORAGE

Successful operation of vehiclesat low temperatures depends greatly on the condition of the fuels
used. Water in engine fuel can cause seriousdifficulties. Trouble occursin some engines even at
temper atur es above the freezing point of water. When air isdrawn through a carburetor, the
pressureislowered and thefuel is sprayed or atomized by venturi action. Thereduced pressurein
the venturi and vaporization of fuel causes arefrigerating action that may lower temper atures
enough to freeze water or vapor in thefuel.

Theicebuildsaround thejet until the fuel supply to the combustion chamber iscut off, and the
engine ceases to operate. Water settlesto the bottom of fuel tanks and into the lowest partsof the
fuel ling; if it freezes, fuel cannot reach the carburetor or fuel injectors. Asaresult, the engine
cannot be started. Moistur e contamination of fuelsisthe source of many difficulties. Moisture can
be theresult of snow getting into the fuel, condensation dueto breathing of a partially filled
container when taken outdoorsfrom a warmer temperature, or from fuel consumption during
nor mal operation. Dry gas additives can be used if water has contaminated the fuel tank from
condensation. To prevent contamination, the following precautions must be observed:

« Storebarrelswith outlet end dlightly higher than the other end to allow sediment and water
to settle out (Figure 3-4). Upright storage of barrels should be avoided to keep water and
snow from accumulating. Thelast few gallonsthat remain in the barrel should be dumped
into collecting barrels wher e foreign accumulation can settle and the usable fuel can be
salvaged. Make sure all containersarethoroughly clean and rust-free before storing fuel in
them. When barrelsare stored, they must have secondary containment to prevent spillage to
the ground.

TILT BEARRELS 50 FOREKSH
ACC UM ULATION WMoy SETTLE.

Figure 3-4. POL barrel storage
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« Wipeall snow or icefrom dispensing equipment and around fill cap of fuel tank before
removing cap. After filling tank, replace cap securely.

o Keepthefuel tank filled to proper markingsat all times. Refuel only to the expansion
marking immediately after halting to reduce condensation in the fuel tank. The morefuel
thereisin thetank, the smaller the volume of air from which moisture can be condensed.

WARNING

FUEL FLOWING OVER A SURFACE GENERATESSTATIC, WHICH CAN CAUSE A
SPARK UNLESSMEANSARE PROVIDED TO GROUND THE ELECTRICITY. A
METALLIC CONTACT BETWEEN THE DISPENSING TANK AND THE CONTAINER
BEING FILLED MUST BE PROVIDED TO ENSURE AN EFFECTIVE GROUND. THIS
HAZARD ISPARTICULARLY GREAT IN COLD, DRY AIR.

Note: Secondary containment must be used under barrels to prevent spillage to ground.

The carburetor air intake must be protected from chilling winds in sub-zer o temperatures. Hood,

radiator, and louver coversareeither provided in winterization kits or can be easily manufactured

and applied. Properly installed, the cover s keep out cold winds and materially aid in attaining and
maintaining adequately heated engine compartments.

MAINTENANCE

Satisfactory cold weather performance of fuel-related systems depends on car eful servicing. Proper
maintenance by unit mechanics precludes many malfunctions and failuresthat would otherwise
occur in sub-zer o temperatures. Maintenance should include the following:

« Thethrottle controls may operate with difficulty at low temperatures. If the engine does not
respond properly to operation of controls, check for loose or broken controls, and for loose
or broken control linkage or cable. Adjust linkage or replace defective partsasrequired
AW applicable TM. Clean wireswith environmentally safe cleaning solvents and
thoroughly dry them. Newer fuel injected systems are computer-controlled electronically,
with no mechanical linksto control throttle speed. These new systemsarefound on the PL S,
FMTV, thenew HET, and other tactical and combat vehicles. Operators must become
thoroughly familiar with the cold weather starting proceduresfor these vehicles. For
example, when starting and operating these vehicles, thereislittle or no throttle response
until the engine temper atur e sensor s send information to the computer that the engineis
warm enough to operate. Other stepsare also required, such asthe use of an exhaust
restrictor for the FM TV when starting in extreme cold.

« Inspect fudl filtersfor good condition and replace contaminated elements. Dispose of
unserviceable fuel filtersin an environmentally safe manner as outlined in the unit SOP.
Clean the metal disc typefilterswith dry-cleaning solvent, dry, and install. Make sure there
areno leaks.

« Drain fuel filtersat the end of each day of operation. Do not assumethat filtersaredry if
nothing flows from the drain cock. If water is present, it could have frozen solid over night.
Drain filtersinto an approved and appropriately marked and labeled container and turn in

AW unit SOPsfor disposal.
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o Check the diesel-fuel injection pump, including transfer pump, to ensurethat it isin good
condition, correctly assembled, and securely mounted, and that connections are not leaking.

o Check diesal-fuel nozzles and linesto ensure good condition.
o Check whether fuel gaugeis operating and registering amount of fuel in the tank.

« Ensurefiltersaredrained into a container and disposed of properly according to unit SOP.
| dentify any special HN disposal requirementsin advance.

Section VII
Cooling System

STARTING CONSIDERATIONS

Most winterization kitsfor starting below -25° F include a fuel-fired engine coolant heater such as
the swindfire. It isvery important to under stand the operating instructions before use. Failureto
turn on or ensurethe auxiliary water circulation pump isrunning will most likely cause coolant
hoses to burst. When the engineis oper ating, obser ve the temper atur e gauge to ensure that the
temperaturerisesgradually. A sudden risein temperatureindicates either a frozen radiator,
insufficient coolant, or an inoper ative thermostat. Stop the engineimmediately and determine
cause.

MAINTENANCE

Cooling systems must be car efully maintained to ensure normal engine oper ating temper atur es.
Temperatures must be observed throughout vehicle operations.

Operating Temperature

Operate vehicles at normal engine temperaturesasindicated in operator's TM (Figure 3-5).
Temperatures can be maintained by properly adjusting the engine compartment air inlet shutters
or radiator covers. L ow engine operating temperature resultsin excessive fuel consumption,
dilution of engine oil by unburned fuel, and for mation of sudge from condensation of water in
cylindersand crankcase.

3-15



FM 9-207 Chapter 3

Figure 3-5. Normal operating temperature

CAUTION

AN ENGINE THAT FAILSTO REACH NORMAL OPERATING TEMPERATURE OR
OVERHEATSMUST BE REPORTED TO MAINTENANCE PERSONNEL FOR

CORRECTION. FAILURE TO DO SO MAY RESULT IN SERIOUSDAMAGE TO THE
ENGINE.

After Operation

Theradiator should be checked after shutdown to deter mine coolant level. If the coolant level is
low, add antifreezeto return radiator to full level.

Section VI
Auxiliary Equipment

OPERATIONAL CONSIDERATIONS

Auxiliary equipment cannot be overlooked in preparing for cold weather operations. Failure of
theseitems can also lead to mission failure.

Air Compressors

Thevehicleair compressor requireslittle attention for cold weather operation. Soldiers must check
to seeif the compressor is maintaining required pressure and that there are no coolant or oil leaks
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Or excessive noise.

M aintenance Steps

Toensureair compressor s function properly, operators must:

o Examineair compressor to ensurethat it isin good condition, properly aligned with drive
pulleys, and securely mounted. Equipment using air dryers must also be checked for frozen
vaporsin thedrip tube.

« Ensurethat all water, oil, and air linesin the engine compartment arein good condition and
secur ely fastened, and that there are no leaks.

o Check ail in self-lubricated air compressorsto determine proper condition and level.
« Check alcohol evaporators, asindicated in Chapter 2 of this manual.

POWER TAKEOFF ASSEMBLIES

The power takeoff and control linkage should be checked to ensurethey arein good condition,
securely mounted, and that seals are not leaking. Ensure that the proper sub-zero lubricant is used
and maintained at the proper level. See that the transmission and/or breather and ventilation
openings and linesareclear. Tighten all mounting bolts, power takeoff assembly screws, and bolts
to thetorquetightness specified in the TM.
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Chapter 4
Weapons, Munitions, and Fire Control Equipment

Section |
Effects of Cold Weather

CLIMATIC CONDITIONS

Severe conditions can interfere with the proper functioning of weapons, ammunition, and fire control
eguipment. Knowledge of these effects can minimize their impact on mission accomplishment.

Cold-Dry Conditions

Cold-dry weather causes sluggish motion and increased stress on moving parts lubricated by products
manufactured for temperate climates. Rubberized parts and surfaces, as well as painted surfaces, are
more likely to crack and break.

Condensation

Humidity and cold air combine to form condensation when temperatures change rapidly. Under
extremely cold conditions, condensation will cause icing and corrosion of machined surfaces, especially
in the bores of weapons. A combination of body warmth and breathing may cloud the optics of sightsand
fire control mechanisms.

Frozen Surfaces

Flat trajectory weapons, such astank guns, may cause the vehicle chassis to move away from the
direction of fire on frozen surfaces. Emplacement of mortar baseplates and howitzer spadesis difficult
and time-consuming. Weapons firing from frozen surfaces can damage the systems themselves and
degrade accuracy.

Snow and Ice

Exposed gears and racks (i.e., elevating arc, traversing rack, and pinions)can collect snow and icein
sufficient amounts to impede movement. Snow and ice can also contaminate lubricants and ammunition.

Visibility
Long periods of darkness, blowing snow, and ice fog greatly limit visibility. |ce fog, caused when water
vapor from amuzzle blast crystallizes (usually around -30° F or lower), can hang over the weapon and

follow the path of the projectile. In still air, theice fog lingers, hindering accurate second-round
engagement. |ce fog can also serve as atarget acquisition aid for enemy gunners. Rain, snow, clouds, and
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fog also limit the effectiveness of lasers.

M agnetic Conditions

The farther north one travels, the more care one must take with magnetic instruments. These instruments
are affected by increasing declination changes and by Aurora Borealis.

WEAPONS FUNCTIONING

The following problems or conditions affect the operation of weapons:

« Theincreased viscosity of hydraulic or recoil fluids, caused by lower temperatures, offers greater
resistance to motion. This results in stiffness of operation and shortening of the recoil cycle.

« Over-lubricating in cold weather may cause parts to bind, resulting in misfires.
« Handwheels on both elevating and traversing mechanisms require greater effort.

« Gascheck padsfail to seal perfectly and deteriorate rapidly. Scoring of the gascheck seat is
possible.

« Cableinsulation, if not arctic-type, may fail when doubled or straightened.

« Frozen hand brakes on towed weapons may be difficult to release, and attempts to move weapons
without thawing may cause serious damage.

« Equalizing bars and travel locks of

» towed weapons must be covered or wrapped before towing over snow-covered terrain. The
wrapping should be replaced, if wet, to prevent freezing of both the wrapper and the protected
mechanism.

« Incross-country operations, a prime mover with the same tread/track width as the weapon should
be used to ensure tracking.

« Firing lanyards must be kept dry and covered to prevent freezing and breakage.

Section I
Lubrication in Cold Weather

SPECIAL CONSIDERATIONS

It isimperative to keep machined surfaces clean and not over-lubricated. Lack of lubrication may cause
rust to form on uncoated surfaces and create friction between rubbing surfaces. These conditions impede
the functioning of the weapon. On the other hand, use of too much lubricant may impede the motion of
the components or result in a buildup of solidified oil or grease.

The proper type and grade of lubricant must be used (Appendix B). Certain lubricants are selected for
different temperature ranges because the physical properties of oils and greases vary with changing
temperatures, usually becoming thick and viscous as the temperature drops. Thus, alubricant designed
for use at room temperature may become thick and unsatisfactory at sub-zero temperatures, or may
become too thin to lubricate metal surfaces at high temperatures. L ubricants can also be selected because
they are environmentally preferable.
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PROCEDURES FOR LUBRICATING WEAPONS

DS maintenance facilities winterize artillery weapons. Prior to issue, recoil mechanisms must be
modified to ensure satisfactory operationsto -65° F. Often, preparation of artillery requires specia
winterization of component parts. Follow instructionsin LOs and TMs with the following changes in
emphasis.
« Lubricants must be applied in smaller quantities more frequently. For example, a biweekly interval
may be changed to weekly.

« Grease, wide temperature range (WTR), isrecommended for use on artillery at all temperature
ranges. Use WTR whenever special lubricating grease is specified. It displays superior lubricating
qualities at extremely low temperatures.

 Petroleum-based hydraulic fluid(OHT) or FRH, as specified, should be used in hydraulic gears as
well as in hydrospring and hydropneumatic recoil mechanisms. These products replace
special-recoil and light-recail oil for low-temperature operation. The changeover to
petroleum-based hydraulic oil in recoil mechanismsis accomplished as follows:

« Drain existing recoil oil. Raise, lower, and rotate the mechanism to aid in removing the original
oil.

« Fill recoil mechanism with OHT or FRH as specified. Establish oil reserve and install mechanisms
on carriage or mount.

CAUTION

EXTREME CARE MUST BE TAKEN TO ENSURE THAT MOISTURE, SNOW, ICE, AND
DIRT ARE NOT INTRODUCED INTO THE MECHANISM DURING THE CHANGEOVER
PROCESS.

Replace preservative lubricating oil, bore cleaner, or normal lubricating oil with cleaner lubricant and
preservative (CLP) in cold temperatures. The exception isin the bores of mortars where CR and
lubricating oil, weapons (LAW) should be used. To put a

temporary finish on corroded exterior metal surfaces, use solid film lubricant (SFL), except on moving
parts and stocks.

Replace CLP with LAW when anticipating operations at temperatures below -10° F. Below -10° F, CLP
fails to provide proper lubrication to individual and crew-served weapons.

Follow all federal, state, and local laws and regulations and unit SOPs regarding the storage,
transportation, and final disposition of all greases, oils, and solvents. Spills of such materials must be
promptly cleaned up and reported viathe chain of command |AW the unit spill-plan.

Section Il
Operation and Maintenance of Weapons

USE OF COVERS

Whenever materiel isto remain idle for atime, it should be covered for protection. Wind will drive snow
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under the covers unless snugly and securely fastened.

To prevent materiel from freezing to the ground, prepare a footing of planks, brush, or matting. Straw or
hay may also be used for this purpose. Pedestals, rails, outriggers, skids, generating units, and points of
tripods that go into the ground can be covered with grease to prevent them from freezing to the ground.

Seal exposed openings to ensure that parts are free of ice or snow. Keep the ends of canvas tarpaulins off

the ground to prevent them from freezing to the ground.

DEALING WITH CONDENSATION

When weapons, sighting and fire control materiel, parts, or assemblies are brought indoors after having
been outside at low temperatures, water vapor in the warm air condenses on the cold parts. The
condensation causes corrosion if not immediately removed.

If the materiel is operated indoors while moisture is present, the moisture forms an emulsion with the
lubricants. This requires removing all the grease and cleaning and lubricating the materiel. If the materiel
Is taken outside into low temperatures before the condensed moisture is removed or has evaporated, the
parts may freeze and become inoperable.

It is better to leave fire control materiel outdoors, but covered, to protect it from the snow. Snow-tight
lockers or sealed containers issued with the materiel maintained at outdoor temperatures are
recommended for storing binoculars, telescopes, and other fire control equipment.

If it is necessary to bring instruments or other materiel from low outdoor temperatures into higher room
temperatures, use anticondensation containers to prevent condensation of moisture on the instruments.
The containers can be specially made boxes, covered cans, or other fairly airtight containers with
heat-conducting walls. Keep containers outside until time to bring an instrument indoors. Put instruments
into a container, closing it tightly. Then bring the container indoors and let stand until its inner
temperature has had time to equal the room's temperature. A stove can hasten a container's warmup.

If air in acontainer is cold and dry, it expands and presses outward when it is heated. Therefore, no
warm, humid air from the room can come in contact with instruments and cause condensation. When the
instruments and inner container reach room temperature, the instruments can be removed with no danger

of condensation.

If anticondensation containers are not available, wrap materiel in blankets or similar material beforeit is
brought into a heated enclosure. Thiswill retard or impede the condensation process just described.

CREWMEMBER CONSIDERATIONS

When using sighting and fire control materiel at sub-zero temperatures, operators hands need protection.
Gloves with liners, trigger-finger shells with liners, or arctic mitten sets should be worn.

Gloves are appropriate around 0° F and higher, but the arctic mitten set or the trigger-finger mitten
should be worn at colder temperatures. Since mechanical motion of most knobs and levers will be less
free than at milder temperatures, adjustments will at first seem awkward and difficult to operators used to
working with bare hands. Awkwardness and difficulties will lessen with practice.

Because many knobs and handwheel s are difficult to manipulate while wearing arctic mittens, it may be
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necessary for operators to wear anticontact gloves. If anticontact gloves are not availableand it is
necessary to use bare hands, the discomfort of contact with cold metal can be lessened by wrapping
adhesive tape around the knobs and handwheels.

Although personnel should go indoors as often as possible, they should avoid rapid warming over stoves
or other heating units.

EXERCISING

Weapons should be elevated and traversed at intervals that ensure operation when the weapon is needed.
The rammer should be cycled several times before ramming rounds and at intervals to ensure proper
operation. The recoil mechanism can be moved only a short distance under sub-zero temperatures.
Always exercise the recoil mechanism before firing to make sure recoil parts are not iced up.

DAILY CARE

Inspect materiel daily. Whenever possible, use gun covers and shelters for protection. The following
points are important in providing maximum protection for weapons.

« Keep al partsthoroughly clean.
« Clean and ail the breech mechanism daily.
« Lubricate sparingly.
« Do not let snow and ice collect on moving parts.

TRAVEL

Before starting a road march, make a thorough inspection and provide as much protection as possible for
al parts, asfollows:

« Ensureall covers are properly installed and securely lashed. If covers are inadequate, improvise by
using canvas, burlap, or any other suitable or available material.

« Perform all preventive maintenance operations and precautions prescribed in manuals pertinent to
the materiel.

« During travel, take more than usual driving care because suspension assemblies become stiff in
cold weather and break easily. Refer to FM 31-70 for driver precautions.

EMPLACEMENT

The selection and preparation of weapon sites in ice and snow require more consideration than when the
weapon isto be emplaced on bare, level ground. If ice and snow are melting, select a site that will not
become mired or flooded.

Prepare a platform of pierced steel planking (materiel used for improvised airstrips), boards, brush, and
matting at the spot chosen for the emplacement. Push or tow the weapon onto the platform so that the
platform is beneath the wheels and firing jack float (or auxiliary firing jack platform). Prepare recoil pits
and spade positions. When an artillery piece isto be fired from a soft, spongy surface, a deeper recoil pit
must be dug to prepare for the sinking of the weapon during firing.
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Coat with waste lubricant all metal parts of the trails and spades coming in contact with snow or frozen
ground. This prevents freezing in place and facilitates subsequent shifting of the trails. Waste lubricants
may be used on any parts, except rubber, that touch the ground.

Special, large frost-spades or spade attachments may be improvised to suit local conditions. In hard,
frozen ground, protect trails against the tendency to buckle and break by placing logs between the spades
and ground. This provides added resilience.

Thefiring jack and its locking lug may become covered with ice and frozen mud in transit. Ice and mud
must be entirely removed before the jack can be completely lowered and locked in firing position. Swab
the exterior of the jack with GMD and see that all seals are tight and serviceable.

CAUTION
DO NOT PACK GREASE IN THE JACK HOUSING.

Aiming posts should not be driven into frozen ground. A hole should first be made with a pick or
crowbar. Manufacturing of a stand that rests on top of frozen ground or ice is an approved method of
supporting the aiming post for use in weapon alignment. An aiming post is self-supporting in about 26
inches of packed snow. Use of the aiming light, equipped with dry-cell batteries, is possible only for
short periods. Batteries are kept warm and serviceable by carrying them or the light next to the body. Use
alkaline batteries rather than carbon batteries.

BREECH AND FIRING MECHANISMS

A frozen breechblock usually cannot be forced to move. If ice prevents opening or closing the breech,
use a portable heater for thawing. Remove the breechblock and dry it thoroughly. Keep the breech
mechanism tightly covered.

Clean al parts daily, except gascheck pads, with dry-cleaning solvent or mineral spirits paint thinner and
lubricate as prescribed in Section |1 of this chapter.

CAUTION

DO NOT USE DRY-CLEANING SOLVENT, MINERAL SPIRITSPAINT THINNER, OR
RIFLE-BORE CLEANER ON GASCHECK PAD. SIMPLY WIPE IT CLEAN AND PERMIT
IT TODRY; DO NOT LUBRICATE.

Frozen manual and electric firing linkages renders a weapon useless. Frozen solenoids do not close
contacts for electric firing.

After firing, the breech and firing mechanisms of weapons using fixed and semifixed ammunition should
be disassembled, cleaned with dry-cleaning solvent or mineral spirits paint thinner, dried, and oiled
sparingly. Mechanisms on weapons using separate |oading ammunition should be disassembled. All
parts, except gascheck pad and electrical ring mechanisms, should be cleaned with rifle-bore cleaner

(MIL-C-372), dried, and oiled sparingly.

The asbestos covering of Gerdom-type gascheck pads becomes very brittle in cold. If the asbestos has
cracked and the wire mesh is exposed, it causes the gascheck seat to become scored and impossible to
repair. A new pad isrequired if wireis exposed.
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The breech and firing mechanisms must be completely disassembled for cleaning and lubrication. Clean
al parts, and apply alight film of LAW, by wiping the surfaces with a clean cloth that has been wet with
oil and thoroughly wrung out. Excessive lubrication of the firing mechanism can cause misfires.

BORES

In severely cold weather, bores are susceptable to increased impact |oads and may crack due to metal
brittleness. Constant inspection and care is required to prevent failure.

Before Firing

Before firing, wipe the bore and chamber dry. Clean and coat bore evacuator, muzzle brake, blast
deflector, and counterweight as prescribed in the TM.

During Firing

At every opportunity during firing, inspect the muzzle end of the tube, bore evacuator, muzzle brake,
blast deflector, counterweight (as applicable), and the breech ring. Examine for development of cracks.

In severe cold, metal becomes brittle and more susceptible to failure under impact loads that a weapon
receives when fired. Cracks generally indicate materiel deficiencies or metal fatigue. However, tool
marks may be mistaken for cracks, and some cracks are not always visible. Cease firing when cracks
develop; notify GS or DS maintenance support.

After firing

CLP can be used as a cold weather bore cleaner and preservative down to -10°F. Below that temperature,
LAW ispreferred. If it is not available, clean the bore evacuator, muzzle brake, bore, and chamber with
rifle-bore cleaner while the weapon is still warm, but not too hot to be touched with bare hands. For
temperatures below -20°F, warm the solvent cleaning compound before using so that it is thin enough to
use effectively. All cleaner residue must be wiped off. Any residue remaining in the tube will freeze and
make firing dangerous. Complete the second and third cleaning of the bore and chamber after firing, as
prescribed for mild and moderate conditions in the pertinent LOs and TMs.

Daily care
In bel ow-freezing temperatures, wipe the bore dry every day and apply alight film of LAW.

RECOIL MECHANISMS

All hydropneumatic and hydrospring recoil mechanisms will be filled with hydraulic fluid (OHT) or
FRH as specified. Keep close check on length of recoil during extreme cold weather firing. Take
precautions to prevent snow, water, or dirt from entering the reservoir.

Hydropneumatic mechanisms are affected by reduction of gas pressure at low temperatures, as well as
thickening of recoil ail.
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WARNING

THE POSSIBILITY OF INJURY TO PERSONNEL OR DAMAGE TO MATERIEL IS
PRESENT WHEN ADJUSTING GASPRESSURE IN THE RECUPERATOR. THEREFORE,
ADJUSTING THE GASPRESSURE IN THE RECUPERATOR ISA FUNCTION OF DSOR
GSMAINTENANCE SUPPORT. THE PERSON IN CHARGE OF THE UNIT IS
RESPONSIBLE FOR HAVING THE GASPRESSURE IN THE RECUPERATOR ADJUSTED
TO CORRESPOND WITH THE EXISTING TEMPERATURE CONDITIONS,

Care of recoil mechanismsis nearly the same during cold weather asit is under normal conditions. Using
units must maintain a careful check on recoil mechanisms. On self-propelled guns, the recoil fluid
surrounds the gun tube and is subject to alarger range of temperature changes and subsequent pressure
variations. These pressure changes must be watched and adjustments made to keep within the required
pressure range.

Condensation and ice tend to form on a weapon during freezing temperatures. Parts such as recoil and
counterrecoil rods and variable recoil cams must be wiped dry and lubricated lightly with LAW every
day.

While the oil is cold, the cycle of recoil may take longer than usual. As further firing is conducted, the
action gradually warms the recoil oil and thinsit so that normal cycle timeis obtained. A sticking recoil
mechanism may result in severe damage to the weapon when it isfired; therefore:

» Exercisethe recoil mechanism frequently. Intervals of exercise depend on the existing
temperature, becoming more frequent as the temperature decreases.

» Toensurethat recoil parts are free from frost binding, exercise the recoil mechanism prior to firing
whenever the weapon is subjected to freezing rain, windblown snow and ice, or fluctuating
temperatures.

« Refer to pertinent weapon TMs for methods of exercising the recoil mechanism.

If the recoil mechanism is equipped with an adjustable respirator, it should be opened as far as possible
when commencing firein low temperatures.

CAUTION

EXTREME CAUTION MUST BE EXERCISED TO KEEP THE PARTS OF A RESPIRATOR
FREE OF SNOW AND ICE.

Check the ail level of the recoil mechanism at the intervals prescribed in the applicable TM and
whenever there is a marked change in temperature. Inspect al partially filled hydraulic fluid containers to
avoid the possibility of using contaminated fluid. Discard al contaminated fluid.

RECOIL SLIDES

Friction between recoil slides and guides absorbs an appreciable amount of recoil energy. Thickened or
congealed lubricants increase friction, shorten recoil, and retard counterrecoil. Snow and condensation on
the dlides contaminate the lubricant and destroy its lubricating properties. To ensure proper recoil and
counterrecoil action, remove the old lubricant from the dlides every day by using dry-cleaning solvent or
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mineral spirits paint thinner. Smooth all surfaces and lubricate lightly.

When exposed to windblown snow and ice, dry operation of the recoil slides and other exposed metal
working surfaces may be necessary. Lubrication, however, should be applied during standby periods.
Guns treated with dry lubricant need only be kept clean and free of ice and snow.

EQUILIBRATORS

Clean, dry, and lightly lubricate the piston rods or tubes of equilibrators every day during cold weather
operations to prevent icing. Carefully examine and remove any corrosion or marring of the smooth,
unpainted surfaces with crocus cloth.

L ubricate the designated equilibrator parts with WTR at the intervals prescribed in the LOs and the TMs.
Too much lubricant at cold temperatures may cause the gun to stay out of battery after firing. Thisis
compounded if the pressure in the equilibrators has not been adjusted for cold temperatures. Wash the
bearing thoroughly with dry-cleaning solvent or mineral spirits paint thinner, dry thoroughly, and
lubricate. It is necessary to remove the equilibrator in order to wash bearings properly.

After the daily cleaning and drying of the equilibrator piston rod or tube, protect the smooth unpainted
surfaces against corrosion by applying avery light film of LAW. Wipe the metal surfaces with aclean
cloth that has been wet with oil and thoroughly wrung out.

Adjust the nitrogen pressure of pneumatic-type equilibrators to provide proper equalizing action. If the
equilibrator is equipped with alow-temperature control, make the adjustment IAW the temperature scale
provided.

CAUTION

THE NEWER HOWITZERSUSE NITROGEN TO PRESSURIZE THE EQUILIBRATORS.
SINCE TEMPERATURESFLUCTUATE, EQUILIBRATOR PRESSURES REQUIRE
FREQUENT CHECKS (SEE OPERATOR'STM).IFA COLD HOWITZER ISBROUGHT
INTO A WARM SHELTER, PRESSURESWILL INCREASE DRAMATICALLY, AND IF
THE ELEVATION HANDWHEEL ISTHEN RELEASED, THE HOWITZER WILL
ELEVATE RAPIDLY, POSSIBLY CAUSING INJURY TO THE USER AND DAMAGE TO
THE EQUIPMENT OR THE BUILDING.

ELEVATING AND TRAVERSING MECHANISMS

Snow and ice particles frequently collect on the arcs and pinions and cake under pressure of the gears.
Since thisinterferes with elevating and traversing, remove the snow by brushing vigorously with a stiff
bristle or wire brush.

After snow isremoved, the parts should be left dry for firing or swabbed with alight application of LAW
to permit smooth and easy operation and prevent rusting.

CRADLE, SLEIGH, CARRIAGE, AND MOUNT

Disassembl e the mechanism as required to obtain access to all parts. Thoroughly clean all parts, ensuring
that al rust, dirt, and old lubricant are removed before applying prescribed lubricant. Lubricate sparingly
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as prescribed in LOsand TMs.

Section IV Direct Fire Weapons
ARMOR VEHICLE MAIN ARMAMENT

| ce fog forms when the weapon is fired. Lubrication and breakage problems are not as frequent as those
for artillery pieces because most of the weapon's working parts are enclosed in awarm turret.
Temperature changes can have major effects on the ammunition.

Propellants tend to burn slower in the cold, reducing the velocity of projectiles. Therefore, the firing data
for temperate climates cannot be used, and the weapon must be zeroed for the temperaturein whichiitis
being fired.

Ammunition stored inside the turret will be warm and have the same general ballistic characteristics as
ammunition fired in temperate climates. The weapon is generally zeroed with this warm ammunition.
Other ammunition is stored outside the tank where the temperature is extremely cold. When this
ammunition is fired, the powder burns slowly and has completely different ballistic characteristics,
rendering the initial zero useless. If possible, the ammunition brought in from the outside should be
heated in the turret before firing. In acombat situation, thisis not practical because the ammunition may
have to be used immediately. The gunner must have his own data for cold ammunition or be ready to
hastily re-zero the weapon. Either way, he will have to make a sight adjustment.

Section V
Indirect Fire Weapons

FIELD ARTILLERY

Most of the problems and precautions involving operations and maintenance of artillery pieces are the
same as for weaponsin general. However, consider the following aspects of artillery operationsin cold
regions:

« Recail oil indicators may show low readings when pieces are cold. Firing afew rounds warms the
oil and raises the indicator level.

« Howitzer bores require more frequent cleaning at low temperatures as aresult of residue left from
iIncomplete burning of propellant charges. However, bore cleaner can freeze in the chamber and
prevent loading around. CLP is an authorized alternative to bore cleaner, and is effective down to
-10°F. Below that temperature, LAW is preferred.

« Specia careisrequired for gascheck pads. A dry cloth is enough to clean the gascheck pad and
electrical ring mechanism.

« Adjustable recoil respirators should be left open as far as possible before firing the first round in
cold weather. Respirators should be kept clear of ice and snow.

« Congealed lubricants and grit hinder movement of elevation and traversing handwheels.
« Some towed weapons, like the M 198 howitzer, use year-round lubricants, even in cold weather.

o Only the ammunition required immediately should be prepared for firing to prevent snow and ice
from contributing to wet propellants.
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« On frozen surfaces, stability and accuracy diminish at lower firing elevations.

« The choicesfor firing surfaces should be muskeg, gravel, frozen ground, and ice, in that order.
Even with cushioning, firing from ice is one of the greatest causes of damage to artillery piecesin
cold regions. Waste |ubricants on trails and spades in snow and ice can prevent freezing to the
ground. So can laying tree boughs or straw under trails and spades. Such cushions can also be
placed under firing jacks and firing platforms.

« Crewswearing the bulky cold region uniform, especially handwear, must practice drills and
mai ntenance to gain proficiency in cold weather cannoneering.

MORTARS

The mortar's baseplate must be solidly positioned to prevent sliding. It may be necessary to dig into the
ground to accomplish this. Frozen ground has no resiliency, and the baseplate and other bracing parts of
the weapon absorb the entire shock of firing. When the weapon is emplaced on frozen ground, the cold
makes the metal brittle. The combination of brittle metal and the tremendous shock that the baseplate
receives when around is fired may cause the baseplate to crack.

Due to the tremendous shock and the extra weight of the sight, the mount will break if the baseplate is
not solidly positioned. Remove the sight each time before firing until the baseplate is settled.

One field expedient that reduces the possibility of a cracked baseplate is to place a brush matting under
the baseplate. The matting should be thick enough to act as a shock absorber, but not so thick asto cause
the baseplate to bounce out of its position. Snowshoes under bipods will prevent them from sinking in the

snow.

Another method of positioning isto place bags of dry sand or snow beneath the baseplate. The sandbags
provide the weapon with a solid, yet resilient, shock-absorbing base. The baseplate is best seated by
firing at a quadrant elevation (QE) of 1,200 mils and a middle charge. If the baseplate must be seated in
snow, the bottom should be coated with waste |ubricant.

Mortar baseplates should not be seated in frozen surfaces using maximum or near maximum charges.
Even when the baseplate appears to be properly seated, the crew can expect the mortar to shift to the rear,
and even collapse, when firing at elevations below 900 mils.

An added problem is that mortars cannot be handled without touching bare metal, as can other infantry
weapons with wooden or plastic handles and stocks. The crew must keep their gloves or mittens on and
avoid touching the metal surface with bare flesh.

Mortars present practically no lubrication or ice fog problems. However, due to incomplete burning of

propellants, the mortar tube should be dry-swabbed after every tenth round or after each fire-for-effect.

At least a half-hour should be allowed before cleaning after the mortar is moved from a cold to awarm
location.
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CAUTION

USE OF GLOVESTHAT ARE NOT ANTICONTACT RESULTSIN A MORTAR SHELL
NOT DROPPING PROPERLY DOWN THE TUBE, DAMAGING EQUIPMENT, AND
CAUSING INJURY OR DEATH. THE WEARING OF BULKY OR LOOSE FITTING
GLOVESMAY CAUSE THE GLOVE TO BECOME PINCHED BETWEEN THE ROUND
AND THE BORE OF THE M